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RESEARCH IN NATIONALIZED 
INDUSTRIES 


N one of its first studies, the Acton Society Trust 
expressed the opinion that parliamentary super- 
vision of the nationalized industries in Great Britain 
is inadequate, and in a later study examined in some 
detail the use of the Parliamentary question. It is 
generally agreed that if the Parliamentary question 
were given free play over the whole field of activity 
of a nationalized industry, much of the advantage of 
a public corporation over a government department 
would be lost. To the extent to which some of the 
existing weaknesses of the nationalized industries 
are due to over-centralization, this is important ; for 
Sir Henry Clay has shown convincingly how in 
practice real decentralization by a government 
department is impossible—the Minister cannot divest 
himself of the ultimate responsibility placed upon 
him by Parliament. The basic feature of the 
Parliamentary question is that it is answered by the 
Minister ultimately responsible for the decisions about 
which he is questioned. 

The importance of the subject has been attested 
by the attention given to its broader aspects in recent 
books on British government. ‘British Government 
since 1918”, for example, published in 1950, included 
a valuable contribution by the late Sir Arthur Streat 
entitled “‘Quasi-Government Bodies since 1918”, in 
which he sketched very clearly a number of the 
unsolved problems relating to the organization of 
public corporations, whether responsible for national- 
ized industry or not. More recently, in ‘Parliament : 
a Survey”, Prof. A. L. Goodhart contributed a 
chapter on parliamentary control over the nationalized 
industries which, after reviewing recent Parliamentary 
and other discussions, endorsed much that Sir Arthur 
Salter wrote in his essay ‘““The Crux of Nationalization”, 
and concluded that up to the present no answer had 
been found to this major problem of control. 

A Select Committee on Nationalized Industries was 
appointed in December 1951 to consider the present 
methods by which the House of Commons is informed 
of the affairs of the nationalized industries and to 
report what changes, having regard to the provisions 
laid down by Parliament in the relevant statutes, may 
be desirable in these methods, and its report is now 
available*. Whether Parliament has maintained an 
adequate control of the corporations is important and 
is also the one to which most attention has been 
directed. Whether Parliament has devised a method 
which, while allowing for adequate control, has 
provided a guarantee for the efficient management of 
these industries is, as Prof. Goodhardt rightly 
emphasizes, still more important. Nor do the Acton 
Society Trust studies suggest we are yet anywhere 
near finding an answer. It is, as Prof. Goodhardt 
remarks, a sobering reflexion that a major part of the 
economic life of Great Britain will soon be placed in 
the hands of a few comparatively unknown men who 
will be responsible for the efficient development of the 


* Report from the Select Committee on Nationalized Industries, 
together with the Proceedings of the Committee, Minutes of Evidence 
eager Renioce. Pi xxvi+i40. (London: H.M. Stationery Office, 
net. 
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fundamental industries ; nor can we say whether it 
is possible to select men capable of solving the vast 
problems which attend the concentration of so much 
power in a few bodies. 

In the April—June issue of 1950 of The Political 
Quarterly, a series of eight essays on aspects of 
nationalized industries in Great Britain were pub- 
lished. These have now been expanded and issued 
under the editorship of Prof. W. A. Robson in 
“Problems of Nationalized Industry’*. Six of the 
original essays are included in the present volume. 
That of D. N. Chester on the organization of the 
nationalized industries has been replaced by one by 
A. Albu on the same theme, and J. A. G. Griffith’s 
essay “The Voice of the Consumer’”’ is also discarded in 
favour of chapters by F. Milligan on ‘““The Consumer’s 
Interest”’ and ‘‘Public Relations in the Nationalized 
Industries”. Six new essays include one on “Joint 
Consultation in Nationalized Industry” by A. M. F. 
Palmer, and one by Edmund Dews on “Scientific 
Research and Nationalized Industry”. Prof. Robson 
contributes an introductory essay on the public 
corporation in Britain and also a comparison of 
nationalized industries in Britain and France, while 
the whole of the second part consists of general 
conclusions which he himself has drawn on the 
themes of the various essays constituting the first part. 

Strong support is lent by these essays to the view 
that more general publicity regarding the work of 
the nationalized industries is desirable : some of the 
annual reports of the boards are severely handled. 
Generally speaking, however, it is not increased 
publicity in Parliament that is urged so much as 
effective use of such devices as the consumers’ coun- 
cils and an adequate system of public relations, both 
to secure the ventilating and remedying of grievances 
and the explanation to the public of the policy and 
operation of the boards. 

The place of science and of scientific research in 
these industries requires closer consideration. Studies 
made by the Acton Society Trust and others have 
pointed to the difficulties which the scientist or 
technologist engaged im nationalized industries 
encounters and to conditions which may affect 
adversely the recruitment of men of the desired 
calibre. The recent Ridley Report, at least by 
implication, stressed the importance of research and 
its organization in nationalized industry and, as 
Mr. Dews reminds us in his chapter on scientific 
research and nationalized industry, the Advisory 
Council on Scientific Policy was asked so long ago as 
April 1947 to consider what should be the respective 
functions of Government departments, of the research 
councils and of outside bodies (including the boards 
of nationalized industries) in carrying out research. 

The Advisory Council gave some attention to this 
problem in its first report and expressed the view 
that the executive department should be responsible 
for identifying problems requiring research, settling 
their order of priority, deciding where the various 
investigations should be carried out and applying 


* Problems of Nationalized Industry. Edited by Prof. William A. 
——. Pp. 390. (London: George Allen and Unwin, Ltd., 1952.) 
258. net. 
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their results. It is clear from the report that the 
boards of the nationalized industries are for this 
purpose regarded as executive departments, and to 
them likewise applies the Advisory Council’s further 
recommendation that such departments require to 
employ scientific staffs corresponding approximately 
to the operational research units attached to the 
Service ministries and commands during the Second 
World War. The specific recommendation is made 
that departments should appoint a chief scientific 
officer to advise generally on the scientific aspects of 
departmental policy and, particularly, to define the 
problems calling for research, to arrange for its 
conduct and to watch the application of its results, 
and that this officer should be provided with an 
adequate scientific staff; this is in line with the 
comment of the Select Committee on Estimates in its 
third report for the session 1946-47 that a major 
weakness in the government organization for research 
and development was the absence of sufficient 
provision for the identification of scientific problems 
in day-to-day administration. 

The Select Committee itself recommended the 
appointment of scientific officers or advisers, as the 
Advisory Council afterwards did, but it also recom- 
mended that such scientific advisers should stand 
high in the departmental hierarchy and should have 
direct access to the bighest policy-forming level. 
Although it appears, from the review of government 
scientific organization in the civilian field which the 
Advisory Council on Scientific Policy issued in 1951, 
that there is sufficient contact between the chief 
scientific officers of the National Coal Board, the 
British Electricity Authority, the Gas Council, the 
Department of Scientific and Industrial Research 
and the Ministry of Fuel and Power, there would 
appear to be some reason to doubt whether this 
latter recommendation of the Select Committee has 
really been given effect in the nationalized industries. 
It is & question of status and the level at which 
science is able to affect policy. 

This broad question of efficiency has not so far 
received attention from the Select Committee on 
Nationalized Industries, except from the negative 
aspect of the effect of the Parliamentary question on 
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the management of these industries, and it would | 


appear that managerial efficiency as such lies rather | 


outside the terms of reference of that Committee. | 


The minutes of evidence taken before the Select 
Committee scarcely suggest, however, that the Parlia- 
mentary question has adversely affected efficiency, 
though it clearly could do so if abused. Sir Hubert 
Houldsworth’s evidence did not imply that, on the 
technical side, the danger is very real; but while 
he clearly recognized that the nation, as well as 
Parliament, has the right to be fully informed both 
as to general policy and the results of that policy, he 
looked to other means of providing such information 
notably in the annual reports of the boards and in 
publie debate on such reports. 

Sir Hubert here made the important stipulation 


that such debate and discussion should be objective | 


and constructive, proceeding not along political party 
lines but inspired by the desire to secure the highest 
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standards of technical efficiency and public service. 
Prof. Robson, in the essays already mentioned, also 
recognizes the need for more impartial discussion and, 
particularly in commenting on Mr. Dews’s essay, 
remarks on the need for a vigorous policy of research 
and development in the nationalized industries. He 
does not, however, like Mr. Dews, stress the need for 
new tests of efficiency and service, nor is it clear that 
he shares the view that, properly organized, an 
industrial research programme should be one of the 
means by which the nationalized industries can be 
kept under public review. 'To secure this, Mr. Dews 
points out, the research organization must be strong 
and active, in close touch with the industry and on 
friendly terms with it, yet independent enough to 
offer public criticism ; and he thinks that a modified 
system of research associations is most likely to 
answer the purpose. 

The question of the most appropriate organization 
of research is important—-much more important than 
the exact means by which the necessary financial 
support is provided, subject to two conditions, both 
of which seem to escape both Prof. Robson and 
Mr. Dews. They seem prepared to admit that there 
is as yet little evidence that nationalization has 
provided the long-range outlook and the command 
of resources required for an effective research pro- 
gramme. Prof. Robson concedes also that we should 
not expect the public corporations to look very far 
ahead in the scientific sense, and that we should rely 
on the research associations rather than on the public 
corporations sources of new knowledge and 
improved technology. Nevertheless, the responsibility 
for deciding expenditure on new ventures must rest 
with the boards: neither in nationalized nor in 
private enterprise can it wisely be entrusted to 
government departments. 

Prof. Robson appears to somewhat over- 
optimistic— particularly in view of the trend of recent 
questions in the House of Commons regarding public 
expenditure on scientific and industrial research—as 
to the freedom and independence which the research 
associations enjoy for the continuous and uninter- 
rupted pursuit of long-range projects in fundamental 
or in applied science. More important, he, like Mr. 
Dews, has omitted the whole question of outlook to 
which Sir Henry Tizard directed attention in his 
Messel Memorial Lecture. Sir Henry Tizard was 
disturbed at the implications of a situation in which 
we are coming to rely increasingly on the State to 
finance developments for civilian purposes which 
formerly would have been financed by private 
enterprise. 

Whether or not British industry is becoming less 
adventurous, it has to be admitted that financial 
conditions and taxation policy tend to discourage 
enterprise. It must also be admitted that there is 
little evidence that adventurousness is fostered by 
State control: quite apart from the high costs of the 
development stages, it is premature to claim that we 
have as yet entirely solved the problem of secu "ing 
the continuous prosecuticn of long-range research 
where the financial resources are in the main provided 
by the State. The reports of the Advisory Council 
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for Scientific and Industrial Research are not 
reassuring on this point, and it well merits further 
examination by the Advisory Council for Scientific 
Policy. 

The most efficient and appropriate relations 
between the research organization in the nationalized 
industries and the relevant government departments 
and research associations, however, will fail to yield 
their full results unless the nationalized industries can 
attract scientific and technical staff of high quality. 
Against this possibility Mr. R. Lewis and Mr. A. 
Maude, in their recent book ‘Professional People”, 
put a significant question mark. Difficulties do not 
arise so much from the conditions of service; rather 
they are inherent in nationalization itself and the 
consequence for the professional man of finding only 
one employer available for his talents. Prof. J. W. 
Cook, in an address to the Royal Institute of Chemistry 
some two years ago, noted the problem, but few 
besides Mr. Lewis and Mr. Maude have really faced 
the issue. Nevertheless, it is one that should figure 
prominently in discussing the organization of scientific 
research and development in the nationalized indus- 
tries, and the wider question of the most appropriate 
organization of those industries to serve the needs of 
the day. 


SIR JOSEPH BANKS: 
‘THE FATHER OF AUSTRALIA’ 


Sir Joseph Banks, K.B., P.R.S., the Autocrat of the 
Philosophers 

By Dr. Hector Charles Cameron. Pp. xx+341+ 

9 plates. (London: Batchworth Press, Ltd., 1952.) 

258. net. 


ae JNSIDERING the immense impression that Sir 
Joseph Banks made on the science of his own 
time, he has been treated with singular unfriendliness 
by biographers and historians. The general con- 
ception of him that has come down to our time has 
been formed by his enemies. It is that of an over- 
bearing tyrant, who ruled the Royal Society with a 
rod of iron for forty-two years, who blocked all access 
of scientific men to the Sovereign, who contributed 
nothing himself to the body of scientific knowledge, 
who belittled the achievements of those mathe- 
matically inclined, and who owed his commandi 
position mainly to his very great wealth. The well- 
known picture of him by Thomas Phillips that hangs 
in the rooms of the Royal Society has done something 
to reinforce this unfavourable view. It is right to 
remember that. it was done when he was old, ill, 
gouty and unwieldy. We prefer to think of Sir 
Joshua Reynolds’s picture of the gallant and 
intelligent young man whose eyes are seeing more 
clearly the vision of his childhood. Dr. H. C., 
Cameron’s industry has excavated many new facts 
concerning the manly and not ungentle figure of this 
great man, and much of what he has to say places 
Banks in a new and very pleasing perspective. 
Banks was little more than a child when he had 3 
vision of what his life should be. It was to be devoted 
to the study of Nature and to the disposal of the 
results of that study for the public good. He was but 
a youth when he became sole controller of an immense 
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fortune ; but until the day of his death at seventy-six 
he never swerved from complete loyalty to his child- 
hood’s vision to which all his resources were completely 
devoted. His scientific writings are very few indeed ; 
but there was scarcely any important scientific 
venture made in Britain during his adult years in 
which he did not play some direct or indirect part. 
He was truly the ‘father of Australia’, where alone full 
justice is done to his memory. Of British public 
institutions, Kew Gardens, the British Museum and 
the Royal and the Linnean Societies, among others, 
owe him an incalculable debt. In the “Age of 
Elegance” he was utterly indifferent to the calls of 
social gatherings unless science could be furthered 
thereby. He was as much at his ease in talking to 
gardeners as to the King, and there is every reason 
to believe that he and George III were sincerely 
attached to each other. During periods of George’s 
mental alienation, his medical advisers found that 
nothing did the King so much good as a talk with 
Banks about plants, and this we may readily believe. 
He helped innumerable struggling, distressed and 
unfortunate men of science and their families. and 
was not infrequently deceived by them. His scientific 
knowledge was prodigious. His personal courage was 
unquestioned and his honour was unspotted. If he 
made no great discoveries—and why should that be said 
of the man who explored the Pacific with Cook on 
the Endeavour ?—he set a standard for all time of 
single-minded devotion to science. 

Dr. Cameron has done a real service by throwing the 
clear light of documentary evidence on the career, acts 
and motives of this noble man. On putting down the 
book one feels that the shade of Banks has hand- 
somely won @ libel action which the living Banks 
would have been far too magnanimous to bring. 

CHARLES SINGER 


FORMATION OF SYMBOLS IN 
THE CHILD’S MIND 


Play, Dreams and Imitation in Childhood 

By Prof. Jean Piaget. Translated by C. Gattegno 
and F. M. Hodgson. Pp. x+296. (London: William 
Heinemann, Ltd., in association with the New 
Education Fellowship, 1951.) 21s. net. 


HIS translation of Prof. J. Piaget’s ‘“La Forma- 

tion du Symbole chez |’Enfant”’ is the third of 
a trilogy devoted to mental development in the first 
years of life, and is largely based on the detailed 
study of three children. In the earlier volumes (“La 
Naissance de I’Intelligence chez l’Enfant’”’ and “La 
Construction du Réel chez l’Enfant”’), which are now 
being translated, the main theme was the develop- 
ment of sensori-motor intelligence at the pre-verbal 
level. This third volume deals in the main with the 
stage of ‘representative thinking’ which leads to 
reflective or operational thought proper. In ‘repre- 
sentation’ the child’s mind goes beyond the present 
moment of time and the immediate space of the per- 
ceptual field. This is made possible by previous 
imitation and play, the former giving rise to images 
of successful adjustment and the latter to assimilated 
meanings of the environment. Representation is the 
union of the centrifugal images of imitation with the 
centripetal images of play. During the subsequent 
stage of ‘operations’, actions may be expressed by 
signs instead of being actually carried out. ‘“Oper- 


ations’ are possible actions reduced to anticipatury 
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schemas, at the same time increasing the speed of 
thought and endowing it with the important 
characteristic of reversibility. 

Each of these three phases, sensori-motor, repre- 
sentative and operational, is interpreted in terms of 
equilibria between assimilation of the environment 
and accommodation to it. They are progressive 
stages of adaptation. In assimilating the environ- 
ment the organism preserves its cycle of processes, 
thus exemplifying a feed-back principle. In accom- 
modating to the environment, the movements and 
positions of external objects act upon the movemeiits 
and perception of the organism. 

The first three chapters trace the development 
of imitation from reflex and sporadic beginnings 
through more systematic forms involving new audio- 
visual models to the stage of deferred imitation to 
an internal model. At the age of seven or eight there 
is imitation of detail, consciousness of imitation, and 
discrimination ; but it is only imitation which is 
relevant to the child’s needs. 

The second part of the book discusses the begin- 
nings of play and games and criticizes the various 
theories that have been advanced to explain ludic 
behaviour generally, though something of value is 
found in each of them. Prof. Piaget then develops 
his own theory of games. He distinguishes three 

ts: practice games, symbolic games and games 
with rules. Children’s games begin to decline when 
they are played according to rules. At that stage the 
transition to adult play begins. Just as symbolic 
games replace practice games when thought makes 
its appearance, so the symbol is replaced by the rule 
as soon as social relationships begin to be formed. 
Play is the converse and complement of imitation. 
In imitation there is primacy of accommodation over 
assimilation, whereas in play there is primacy of 
assimilation over accommodation. 

The third part deals in detail with the development 
of cognitive representation: through the various 
stages from the earliest verbal schemas, ‘preconcepts’, 
and reasonings from particular to particular, to 
reversible operations. 

The critic may feel that something is missing from 
Prof. Piaget’s account, that something being the 
child himself in his chameleon-like activities and 
exuberant loves and hates. The child, it may be 
said, is more than an apparatus for answering the 
pointed questions of the investigator. But Prof. 
Piaget would be the last to claim that he is examining 
more than the cognitive life of the child. He has 
placed child development in the very forefront of 
psychology where it belongs, and his magnificent 
attempt to trace the emergence of logical structures 
from psychological ones will doubtless rank as one 
of the outstanding contributions to contemporary 
psychology. 

The student of the history of scientific ideas will 
be interested in the resemblances which Prof. Piaget 
notes between the beginnings of rational thought in 
the child of seven or eight years and the scientific 
notions of the early Greek thinkers, who explained 
certain natural phenomena, for example, the origin 
of the stars, in terms of the identification of sub- 
stances—stars being produced by air or clouds. He 
assumes that the same developmental mechanisms 
which account for the child’s thought were character- 
istic of pre-Socratic thinking emerging from a 
mythological and pre-logical epoch. 

“In spite of their trivial character, these examples 
are deserving of careful examination’’ (p. 218). This 
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remark is in @ way the keynote of the book and, 
indeed, of Prof. Piaget’s work generally. Every 
remark or action of the child, even his first ‘mummy’ 
or ‘bow-wow’, is worthy of the most painstaking 
examination. It is on the analysis of the same 
material that Prof. Piaget has erected his imposing 
axiomatic system as described in his recent ‘‘Intro- 
duction & I’Epistemologie Génétique” (1950), an 
English translation of which is very much to be 
desired since it would provide the necessary stimulus 
for a wider discussion of this important work. 

The translators of the present work deserve com- 
mendation for their excellent performance, which has 
won much praise from the author himself. 

JoHN COHEN 
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THE PRACTICE OF SCIENTIFIC 
RESEARCH 


An Introduction to Scientific Research 

By Prof. E. Bright Wilson, Jr. Pp. xiii+375. 
(London : McGraw-Hill Publishing Co., Ltd., 1952.) 
51s. 


HE title of Prof. E. Bright Wilson’s book might 

suggest one of those works which, though they 
often stimulate discussion, have not been known to 
influence any actual research. On the contrary, the 
present book mainly comprises practical advice. 
After a short chapter more or less about why a 
scientist undertakes research, the second chapter 
gives some elements of the technique of an informa- 
tion service, that is, how to find, assemble and store 
the essentials of relevant prior work. The next 
chapter, on scientific method, is somewhat meta- 
physical; but it is sensible, not profound. The 
chapter on the design of experiments goes into more 
detail on subjects such as replication, factorial 
analysis and significance; but it tends to be dis- 
cursive with brief common-sense observations on @ 
number of topics which have a general connexion 
with how an experiment is approached. Under the 
headings of the design of apparatus and the execution 
of experiments, the author treats the elements of 
laboratory and workshop practice in scientific work. 
There are useful suggestions and interesting informa- 
tion; but the mixture is uneven, for the range of 
topics includes aphorisms about taking records and 
accessibility in the design of apparatus needing 
maintenance, fundamental matters such as _ the 
limitation of sensitivity by random fluctuation, and 
technological subjects such as closed control and 
amplifying systems. 

The next four chapters, taking up nearly half the 
book, comprise @ more systematic treatment of 
statistical principles and techniques, particularly 
for the assessment of significance. Some topics are 
included, such as confidence limits and quality 
control, which are of use more often in industrial 
studies. On the other hand, there is some formal 
logic at the beginning of the section, and it closes 
with the logical basis of probability theory, men- 
tioning symbolic logic in passing. The author clearly 
attaches great importance to the assessment of the 
probability that a scientific conclusion is valid, and 
he explains what he means with care. The last three 
chapters return to the discursive style of the opening, 
with one or two notes on mathematical processes, a 
brief survey of modern aids to computation and hints 
on writing reports and papers. 
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The value of a book of this kind depends upon a 
judicious selection and treatment in the light of the 
needs oi an important enough class of reader. It 
will not appeal to the experienced man of science, 
because it is too elementary and because there are 
too many important omissions in its lists of sources. 
Indeed, some remarks are so elementary that the 
student who needed to be told them would seem 
ill-advised to attempt a scientific career. Neverthe- 
less, we must not forget that the vast expansion in 
scientific pursuits means that a great and increasing 
number of young scientific workers will lack the 
opportunity of acquiring a general knowledge of 
scientific endeavour and an appreciation of the 
realities of scientific research by direct contact with 
leading men of science. To those so placed, this book 
can be of value. They will realize that the life’s work 
of a man of great ability and industry may be 
enshrined in @ single sentence in a text-book. They 
will understand that, although a young scientist’s 
research problem may seem very specialized, yet if 
he is to make a real advance he may have to call on 
@ surprisingly wide range of knowledge and skill. 
This book can save the young scientific worker much 
unrewarding toil and inspire him to broaden his 
studies truly to fit himself for his calling. 

S. WHITEHEAD 


A TEXT-BOOK OF PRACTICAL 
BOTANY 


Textbook of Practical Botany 
By Prof. R. C. McLean and Dr. W. R. Ivimey-Cook. 
Pp. xxiv-+476. (London, New York and Toronto: 
Longmans, Green and Co., Ltd., 1952.) 36s. net. 


HE authors justify the appearance of this work, 

@ companion volume to their ‘Textbook of 
Theoretical Botany’’, by pointing to the scarcity of 
practical text-books. It is written for “a general 
University course’, which presumably means General 
B.Se. standard, and how far such a book is needed 
at this stage is controversial. Ideally, at this level, 
the student should treat each exercise as an inde- 
pendent investigation, and in the main obtain the 
guidance he needs from standard works. By so doing 
he will learn his way about the literature and, at the 
same time, acquire a healthy independence of out- 
look. To work by this method alone would call for 
much more time than is normally available. 

At the other extreme the student can be issued 
with schedules and instructions for all his practical 
work, but such ‘cookery book’ botany is far from 
ideal. In practice, some half-way measure seems to 
be indicated, and this is a part which the present 
book could fill. Very detailed instructions over the 
wide field which it covers are clearly out of the 
question in a book of fewer than five hundred pages, 
and there has been a good deal of careful selection so 
that parts of the syllabus which are not likely to be 
done in practical are omitted. Some of the sections 
are very short—variation (four pages), evidences for 
evolution (two pages), hybridization and inheritance 
(eight pages) and plant ecology, including soil 
analysis (nineteen pages). The student therefore could 
searcely rely on this book alone, and more references 
to suitable literature might have been desirable. 
How far the book maintains a good balance must, of 
course, be a matter of opinion, and it would be unfair 
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to criticize the allocations which the authors have 
made. 

More serious is the criticism which must be made 
of inaccuracies and misleading or vague statements. 
A student might well have misgivings when he dis- 
covered that Fehling’s test on a non-reducing sugar 
failed, although he had followed the instructions to 
the letter, for there are no directions that the solution 
should be neutralized after hydrolysis. The descrip- 
tions of Pandorina, Volvox and Hematococcus are not 
entirely accurate, while that of the dehiscence of a 
fern sporangium scarcely gives a good picture of the 
course of events. Transfusion tracheids are referred 
to as parenchyma ; laburnum wood is not the happiest 
choice for tyloses; nor will the student find many 
chloroplasts in Nostoc; and it is surely time that 
meiosis lost its heterotypic and homotypic divisions. 
To expect a book of this type to be free from errors 
or to attain perfect lucidity would be unreasonable ; 
but it does seem reasonable to ask if what might 
be regarded as a permissible margin—-and the 
examples just noted are only a sample—has not been 
exceeded. 

Nearly all the illustrations are from photographs, 
and they have been very sparingly used to illustrate 
material which is difficult to obtain or to prepare. 
As a whole, they are excellent and form an attractive 
feature of the book. F. W. JANE 


MODERN THEORIES OF 
INTEGRATION 


The Lebesgue Integral 

By_J.C. Burkill. (Cambridge Tracts in Mathematics 
and Mathematical Physics, No. 40.) Pp. viii+87. 
(Cambridge : At the University Press, 1951.) 12s. 6d. 
net. 


The Theory of Functions of a Real Variable 

By Prof. R. L. Jeffery. (Mathematical Expositions, 
No. 6.) Pp. xiii+232. (Toronto: University of 
Toronto Press; London: Oxford University Press, 
1951.) 45s. net. 


Lezioni sulla teoria moderna dell’ integrazione 
Per Prof. Mauro Picone e Tullio Viola. (Manuali 
Einaudi, Serie di matematica.) Pp. 404. (Torino: 
Edizioni Scientifiche Einaudi, 1952.) 5,000 lire. 
VERY honcurs student of mathematics should 
know why Lebesgue’s definition of an integral is 
preferable to the older definition due to Riemann. 
One of the easiest ways to acquire this knowledge is 
to study the clear and concise exposition of the 
subject by Dr. J. C. Burkill. The preface points out 
that by adopting Lebesgue’s definition we can arrive 
quickly at results which otherwise require tiresome 
discussions. This general remark is illustrated by 
reference to @ particular example. There are six 
chapters, entitled respectively sets of points ; 
measure ; the Lebesgue integral ; differentiation and 
integration ; further properties of the integral ; and 
the Lebesgue-Stieltjes integral. The tract concludes 
with hints for the solution of all but the easiest of 
the fifty-five examples contained in various places, 
with more detailed solutions of the most important. 
Perhaps on some pages the virtue of conciseness has 
been carried to excess. For example, on pp. 7 and 11 
there are results without proof, preceded by the 
statement ‘‘the reader will satisfy himself that...” ; 
and on p. 10 the proof of a theorem concerning 
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measure ends curtly with the words, “‘taking the 
limit, we have the general case’. The table of 
contents is also too concise. For example, it does 
not reveal that the book contains the inequalities of 
Hélder and Minkowski (pp. 65-66), and there is no 
index. But these are small defects in an excellent 
book. 

A fuller treatment may be found in the book by 
Prof. R. L. Jeffery, which seems to consist of two 
distinct parts. The first part is for beginners in the 
subject, and starts with an introduction giving a 
brief account of the real number system. ‘Then 
follow five chapters which may be described roughly 
as an amplified treatment of the corresponding 
chapters in Dr. Burkill’s book. One novelty is that 
the treatment of measure is based upon Lebesgue’s 
outer measure, which Prof. Jeffery prefers to call 
‘“‘metrie of a set’’, and denotes by an unusual symbol. 
No use is made of inner measure, which he considers 
to be of purely historical interest. Another novelty 
is the inclusion of G. D. Birkhoff’s ergodic theorem, 
which arose from problems in dynamics and statist ica] 
mechanics but is really a theorem in Lebesgue 
integration. 

The second part of the book, which Prof. Jeffery 
himself considers of greater importance, consists of 
Chapters 6 and 7, entitled respectively the inversion 
of derivates, and derived numbers and derivates. 
These are written for more advanced students and 
aim at giving an exhaustive account of a subject to 
which the author has contributed by his own 
researches. 

The last chapter, dealing with the Stieltjes integral, 
forms a sort of appendix to both parts. It starts with 
a simple account of the Riemann-Stieltjes integral 
and then proceeds to the more difficult topic of linear 
functionals and the recent ideas on measure and 
distribution due to L. Schwartz. 

The book contains more than a hundred problems, 
a bibliography of seventy items, an index of subjects 
and an index of authors. It is carefully written in an 
attractive style. 

The characteristic feature of the Italian book by 
Profs. M. Picone and T. Viola is the great emphasis 
on the Stieltjes integral. The introduction deals with 
two physical problems, the attraction of a body at 
an external point and the motion produced by an 
impulse. The first of these problems leads to an 
integral which involves elements of mass. Such 
integrals, in the light of modern physical views on 
the structure of matter, can be understood only as 
Stieltjes integrals. The authors then develop the 
whole theory of integration from this point of view, 
and introduce the term massa elementare for an 
additive function of finite variation. The word massa 
is used continually, roughly as often as the word 
measure in other treatises, but the word miéisura 
(measure) seems to occur very seldom. The early 
parts of the book make use of the original work on 
the theory of limits due to Prof. Picone. These 
opening chapters are rather different from those of 
other books, but later on we find the usual theorems, 
sometimes approached from an unusual angle. The 
advanced student will find this book interesting and 
valuable, containing many novelties which would 
require too much space to specify in detail. It con- 
cludes with four indexes, those of notations, of 
‘examples’ (really applications of the theory), of 
authors, and of subjects. The style is readable, and 
the printing and paper are very good indeed. 

H. T. H. Praceio 
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Lost City of the Incas 

The Story of Machu Picchu and its Builders. By 
Hiram Bingham. Pp. 2244-59 plates. (London : 
Phoenix House, Ltd., 1951.) 21s. net. 

N the face of great physical difficulties, Dr. Hiram 

Bingham opened up the magnificent ruins of the 
late Inca city of Machu Picchu and made them 
generally known some forty years ago. He published 
a full account of his work shortly afterwards ; but it 
is now out of print. He recently revisited the site, 
and this has impelled him to write a shortened 
popular account of it and of his work there. This 
is quite pleasant reading, and the photographs are 
good; but it would be easier to follow if the map 
had covered the whole of the area described and a 
plan of the ruins themselves had been provided. 

In his original publication, Dr. Bingham put 
forward the theory that Machu Picchu was Tampu 
Toeco, the legendary ancestral home of the Incas, 
and suggested that it was reoccupied in late Inca 
times after being abandoned for many years. The 
reasons given for the earlier occupation were flimsy, 
and the archeological evidence pointed strongly to 
the late date of the site. No new evidence for an 
early occupation has come to light since, but Dr. 
Bingham again advances it in his new book. In 
general, this book betrays a neglect of recent 
archeological work in Peru, and a bad fault is the 
improper use of the term Inca to cover the whole 
span of ancient Peruvian civilization, which is cal- 
culated to give the impression that Machu Picchu is 
older than it really is. 


Synthesis of Electronic Computing and Control 

Circuits 
By the Staff of the Computation Laboratory. (Annals 
of the Computation Laboratory of Harvard Univer- 
sity, Vol. 27.) Pp. ix+278. (Cambridge, Mass. : 
Harvard University Press ; London: Oxford Univer- 
sity Press, 1951.) 52s. net. 

p Gaems first part of this book is concerned with the 

procedure to be followed in the design of elec- 
tronic circuits for performing complex binary 
switching operations such as are required in a 
digital computer. The principal problem is to arrive 
at a design which uses the minimum number of 
components. In 1938 C. E. Shannon showed how 
Boolean algebra could be applied to the analogous 
problem of the design of relay switching circuits. 
The present authors use a closely related method 
depending on ordinary algebraic manipulation to 
discuss the design of circuits using diodes, triodes 
and pentodes. 

Tables are given which enable economical designs 
to be obtained in the case of circuits with up to four 
binary inputs, and one binary output. Advice is 
given as to how to proceed in more complicated 
cases, but, although the authors have clarified the 
problem to a considerable extent, it cannot be said 
that the advances they have made are fundamental 
in character. 

The second part of the book contains an interesting 
chapter on the choice of a binary code to represent 
the ten decimal digits in a digital computer working in 
the scale of ten. Later chapters deal with the design 
of decimal adders, accumulators, multipliers, etc. 

The book runs to more than two hundred pages 
(excluding tables), and the detailed discussion given, 
together with the large number of examples incor- 
porated in the text, make it difficult on occasion to 
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follow the main trend of the argument. The lack of 
an index is also a handicap. While everyone con- 
cerned with the design of binary switching-circuits 
should undoubtedly study this book, the reviewer 
feels that the authors would have made better 
propaganda for the use of their methods by pub- 
lishing one or two separate papers in which the 
important features were explained concisely. The 
attention of readers may be directed to a group of 
papers published recently by Kalin, Burkhart and 
other members of the Harvard Computation Labor- 
atory who were closely associated with the preparation 
of the book (“‘Proc. Assoc. for Computing Machinery, 
Pittsburgh Meeting’: Richard Rimbach Associates, 
Pittsburgh, Pa., 1952). M. V. WILKES 


Cooperation among Animals 
With Human Implications. A revised and amplified 
edition of ‘“The Social Life of Animals’. By Prof. 
W. C. Allee. Pp. xv+233. (London: Sir Isaac 
Pitman and Sons, Ltd., 1951.) 21s. net. 

HIS is a revised edition of a popular book on 

biology which is deservedly well known and highly 
appreciated in the United States. The main section 
of the work, which is much the same as in previous 
editions, does not require comment now; but the 
two last chapters, dealing with some implications of 
biology for human relations, contain much that is 
new. Here the author deals with the lessons biology 
has to teach mankind in connexion with such problems 
as population growth, food supplies and war. Such 
applications of biological knowledge to human 
problems are beset with pitfalls, as so many of the 
past ex cathedra statements of biologists have shown. 
Prof. W. C. Allee is sufficiently level-headed and 
critical never to fall into the error of assuming that 
human beings are just animals or that we can expect 
studies of Drosophila, white rats or chimpanzees to 
be directly applicable to human societies. His wise 
humanity and deep understanding of the nature of 
war and of some of the problems of human population 
and growth should do much to suppress those wild 
and muddle-headed theorizings which the less well- 
read biologist, however technically competent he may 
be, sometimes tries to convey to the long-suffering 
public. W. H. THorpPEe 


New Biology, 13 
Edited by M. L. Johnson and Michasl Abercrombie. 
Pp. 128+19 plates. (Harmondsworth: Penguin 
Books, Ltd., 1952.) 2s. 

N the thirteenth issue of “New Biology”, which 

ably maintains the high standard of its fore- 
runners, Prof. R. C. Oldfield contributes an inter- 
esting article in which he describes investigations into 
human skill which have been carried out at Cam- 
bridge and elsewhere during the past ten years. 
Another article, by H. Spurway, suggests that 
animals in captivity are not really at all representative 
of the wild populations from which they were origin- 
ally drawn but are on the road to domestication. In 
an article on polyploidy and plant breeding, Dr. 
M. S. Swaminatham discusses some of the means of 
improving plants by multiplying the number of 
chromosomes they possess. Prof. E. J. W. Barring- 
ton’s article on problems of thyroid function in 
vertebrates is an argument for a broad basis of 
comparison of different organisms as an aid to the 
understanding of any one. Dr. C. G. Johnson 
examines the bed-bug in its ecological relations to 
human. beings. 
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STORM DAMAGE TO WOODLANDS IN SCOTLAND ON 
JANUARY 31, 1953 


By Pror. H. M. STEVEN 
University of Aberdeen 


HE storm on Saturday, January 31, 1953, 

caused widespread and serious damage to 
woodlands in the region of Scotland north of the 
River Tay and east of Inverness. This storm, which 
the day before had caused the sinking of the Princess 
Victoria, and on the evening of the same day was 
responsible for the flooding on the east coast of 
England and in the Low Countries, struck this 
region of Scotland during Saturday as the storm 
centre moved eastwards and south-eastwards along 
its track north of the mainland of Scotland. 


Meteorological Data 


Data have been made available by the Meteoro- 
logical Office for stations at Kinloss on the Moray 
Firth, Dyce near Aberdeen, and Leuchars in Fife- 
shire. From midnight on January 30-31, the direction 
of the wind changed slowly in the two more northerly 
stations from west-north-west to almost north in the 
afternoon. At the height of the storm about noon, 
it was between north-west and north-north-west. 
At Dyce the average hourly wind speeds increased 
from 9 m.p.h. for the hour ending 1 a.m. to 38 m.p.h. 
at 6 a.m., to 63 m.p.h. at noon. There was a slight 
decline thereafter, but the speeds remained high 
until evening. Gusts of more than 90 m.p.h. were 
recorded between 10 a.m. and 4 p.m.; the highest 
wa8 101 m.p.h. between 11 a.m. and 12 noon, with 
several greater than 92 m.p.h. during that period. At 
Kinloss, the pattern was similar, with higher speeds 
in the early hours, but the peak at the same period 
with gusts up to 98 m.p.h. At Leuchars, the speeds 
were less; the highest gust was 72 m.p.h. at 12.20 
p.m. Most of the damage in woodlands took place 
between 10 a.m. and 2 p.m., when the winds were of 
hurricane force. 

Wind-throw in woodlands often takes place when 
storms are preceded and accompanied by heavy rain, 
and the soils are water-logged and spongy. For 
example, this was so in the storm from the west on 
November 17, 1893, when a million and a half trees 
were blown down in Perthshire and Angus alone. 
The hurricane in New England, United States, on 
September 21, 1938, was also of this type, when gusts 
of more than 120 m.p.h. were recorded on the coasts, 
and in the week previously more than 9 in. of rain 
had fallen; the woodlands there still bear the mark 
of that disastrous storm. On this occasion, however, 
the rainfall in Scotland during January in the 
region affected had been less than normal at most 
stations, although the storm was accompanied by 
showers of rain and sleet. 

The north-east of Scotland is less subject to 
exceptional storms than the western regions and the 
islands. Nevertheless, the woodlands have to with- 
stand gales. For example, in Gold’s records of highest 
wind gusts for the period 1909-35, speeds of 58 
m.p.h. and more were recorded at Aberdeen in every 
year except 1921 and 1922. There have also been 


severe gales in recent years, for example on January 
15, 1952. Some of these gales did damage to wood- 
lands, particularly that on January 28, 1927, when 
a gust of 70 m.p.h. was recorded at Aberdeen ; but 


the damage done by that and other gales in living 
memory was much less severe than in the recent 
storm. 


Damage to Woodlands 


The type of damage caused by the storm of 
last January varies locally. In some woods the 
trees have been levelled as if a giant bulldozer 
had passed over them. From eye-witness accounts, 
it appears that this was caused by a series of gusts 
of hurricane force: the first bent the trees over; 
they rose up again, but succeeding gusts completed 
their over-throw—thus, in some instances, the trees 
lie in an unusually orderly way for storm damage. 
In others the damage is more selective and patchy 
and the stems may be tangled. In some woods there 
is little breakage of stems; in others, broken trees 
stand up among the blown. 

Immediately after the storm, officers of the 
Forestry Commission made a survey and obtained 
information from private woodland owners. It is 
estimated, provisionally, that about 35 million cubic 
feet of timber (more than one million tons) has been 
blown. Of this total, about 15 per cent is of broad- 
leaved species and the balance coniferous, mainly 
Scots pine. Approximately 90 per cent is on privately 
owned estates. 

The amount of damage varies throughout the 
region. In the coastal strip north of Inverness, it is 
not serious. Greater damage has been done in the 
lowland regions of counties of Nairn, Moray and 
Banff, and the Spey Valley below Grantown-on-Spey. 
In the Upper Spey Valley it is somewhat less, 
particularly where the woodlands were sheltered by 
the higher land masses. Many of the woodlands in 
the lowlands of Aberdeenshire, the lower Dee and 
Don valleys and Kincardineshire have sustained 
catastrophic damage. In Upper Deeside, where 
sheltered by the Cairngorms, it is less severe. There 
is considerable damage to the woods of Angus ; but 
as one proceeds southwards it decreases. 


Influence of Different Factors on the Damage 


Where the effect of the storm has been catastrophic, 
it is not easy to discern the relative resistance of 
different tree species, the effect of soils, rooting, etc. 
It so happened that the influence of wind on forest 
stands was already under study in the Department of 
Forestry, University of Aberdeen, and a_post- 
graduate worker immediately began a study of the 
effect of this storm, the Forestry Commission detailed 
a research officer, and the Macaulay Institute for 
Soil Research may study the correlation with soils. 
Until these and other studies are completed, only the 
broad patterns can be stated, and then only 
provisionally. 

Age and Height. The clearest correlation is 
between the height of the stands and damage. Few 
woods less than 40 ft. in height have been damaged ; 
it is thus the middle-aged and older woods that have 
suffered. It is difficult to believe that this is explained 
entirely by the known gradient of wind-speed with 
height above ground, and closer investigation is 
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Middle-aged Scots pine in Carlogie Wood, Ballogie Estate, Aberdeenshire, after the storm damage on January 31. Photograph from 
the 


needed. This correlation is one reason why Forestry 
Commission woodlands have suffered relatively little 
damage, and that mainly in woods which they had 
acquired. 

Species. Most of the woodlands in the region are 
coniferous, and Scots pine is the principal species. 
It is normally deep-rooting and is usually considered 
wind-firm. It has not proved so in this storm. In 
some, but not all, Scots pine woods, there is con- 
siderable breakage of stems at 6-12 ft. from the 
ground. European larch has shown greater resistance 
both to wind-throw and breakage; it has a more 
elastic stem and the timber is stronger. Both Norway 
and Sitka spruces have suffered wind-fall; but as 
they are shallow rooting and not considered wind- 
firm, one noted with surprise instances of greater 
resistance relative to pine. The same observation 
applies to Douglas fir. 

Among broad-leaved species, beech is a common 
species in the lowlands of Angus, Aberdeenshire and 
the Moray Coast. Many of the trees are mature and 
over-mature, and the species has been considered, 
hitherto, as resistant to wind-throw. It has, however, 
suffered serious damage in this gale. It is even 
more surprising that the deep-rooting oak has also 
not proved wind-firm. 

Stocking. In normal gale damage, there is often a 
correlation between damage and dense stocking. 
In woods where thinning has been neglected, the 
percentage of living crown is low and consequently 
the centre of gravity is higher than in woods thinned 
sufficiently early and regularly. This storm does not 
appear to have left such a pattern; but a closer 
study may reveal correlations with stocking. 

Phystography. The factors comprised in this term 
are taken into account in planning forests and 
choosing species relative to wind risks. The effect 


of local shelter can be seen in this instance, but, 


air 


perhaps, less clearly than usual. One point. is note- 
worthy : many of the woodlands that suffered most 
severely were growing at low elevations. 

Soil Conditions. Most of the soils in this region 
are derived from parent materials of glacial origin. 
It has been known for a long time that in this region 
there is often a compacted horizon which may be 
relatively near the surface, and which may impede 
the downward penetration of tree roots, either 
directly or through its influence on soil water 
relations. The upturned roots in many woods con- 
firm this. Foresters have been aware of this problem. 
Indeed, more than a century ago, there are records 
of hand trenching to deal with it, and during the 
past twenty years, the deep ploughing on heaths 
carried out by the Forestry Commission and others 
has been done partly in the hope that depth of 
rooting would be increased. The opportunity will 
be taken, therefore. to investigate the connexion 
between wind-throw and soil conditions. 


Risk of Insect Epidemics 


Because most of the blown timber is Scots pine, 
insect pests attacking this species are the potential 
menace. The pine weevil, Hylobius abietis, breeds 
in the stumps and roots of pine, and the adults 
attack young trees. It will be necessary to keep 
this pest under observation; but as many of the 
roots are exposed, and will dry quickly, it is not 
thought that populations will rise steeply. Indeed, 
at one time on some parts of the Continent ‘pan 
felling’, namely, winching the trees over, was 
practised to reduce the incidence of this pest. 

The pine shoot beetles (Myelophilus piniperda 
and M. minor) are more likely to be a menace. 
Both breed under the bark of felled, dead and dying 
pine, and the adults tunnel into living shoots of the 
crown. - The now abundant breeding material will 
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almost certainly mean a rapid rise in populations, 
with consequential damage to adjoining crops. 
The pine, and especially the larger blown pine, should 
thus be salvaged first. 


Problems of Salvage 


The timber blown would have had a value standing 
of more than £4,000,000. It is essential, therefore, 
that it should be salvaged before deterioration, alike 
in the national interest and that of the owners. 
As already stated, 90 per cent is privately owned, 
and if a substantial part of its standing value does 
not accrue to its owners, private forestry and the 
rehabilitation of private woodlands after the heavy 
war fellings will be prejudiced seriously in this region. 

Largely through the enterprise of the public press, 
the importance of the problem of salvage is realized 
widely, and Ministers of the Crown in Parliament and 
elsewhere have given assurance of help. As soon as 
the first surveys were completed, the Chairman of 
the Forestry Commission, accompanied by the 
Director-General, went to Aberdeen and met the 
Forestry Commission Regional Advisory Committees 
for the East and North Conservancies of Scotland, 
consisting of representatives of private owners, 
timber merchants and others. The Conservator of 
the East Conservancy, Forestry Commission, has 
been put in general charge of the salvage operations, 
assisted by a small committee of representatives of 
the regional advisory committees, landowners’ organi- 
zations and timber trade associations. It has been 
decided to aim at the completion of salvage within 
two years. Representatives of the home timber trade 
in Scotland estimate that there is sufficient sawmill 
capacity to enable this to be done. The necessary 
additional logging equipment can be got. Labour is 
likefy to be the limiting factor, and plans are being 
worked out to obtain what is needed. The Forestry 
Commission has suspended the licensing of standing 
softwood timber for clear felling in Scotland, so that 
the resources of the timber trade can be concentrated 
on the blown timber. 

Of the estimated 35 million cubic feet of timber 
blown, about 30 million is softwood from coniferous 
species, and 5 million of hardwoods from broad- 
leaved species. Of the softwoods, it is estimated that 
about 12 million will go into pitwood and the balance 
into sawn goods. The hardwood will produce sawn 
timber. The National Coal Board should be able to 
absorb the pitwood. The quantity of sawn softwood, 
although large, is less than 10 per cent of the annual 
consumption of this category in the United Kingdom ; 
hence its absorption should not present serious 
difficulties, although unusually large quantities have 
been purchased overseas for delivery in 1953. The 
hardwoods consist principally of beech, and of a 
quality not suitable for high-grade use, but which 
could be sawn into railway sleepers and crossings. 
If the British railways revert temporarily to war- 
time practice and take this species for this purpose, 
it would be of assistance. The timber will have to 
be transported longer distances than normal, both for 
conversion, and later to consumers. Thus the question 
of railway-rates will be important in determining 
the prices obtained by owners of timber. 

There are difficult problems still to be solved 
before the rapid and economic salvage of the blown 
timber is ensured, but none is insoluble. They 


must be solved if the effects of this disaster to 
forestry in the northern half of Scotland are to be 
mitigated by efficient salvage. 
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ROLE OF VITAMINS IN 
METABOLIC PROCESSES 


i oo Nutrition Society held a symposium on * he 
Role of Vitamins in Metabolic Processes”’ in the 
Biochemistry Department of the University of 
Sheffield on December 20, 1952. The conference was 
attended by more than a hundred and thirty members 
and guests, @ number of whom took part in the 
discussions that followed the reading of the papers. 
The latter have been published in full in the Proceed- 
ings of the Nutrition Society. 

In opening the meeting, Prof. H. A. Krebs (Bio- 
chemistry Department, Sheffield) said that the sub- 
jects of the papers had been chosen with the idea of 
concentrating attention on the recent advances in 
this field, and for this reason consideration of thiamine, 
riboflavin and nicotinamide had been excluded. 
During the first session, papers were read dealing with 
pantothenic acid, pyridoxin and vitamin B,,, sub- 
stances which are growth factors for micro-organisms 
as well as for higher animals and which have been 
shown to have direct connexions with certain meta- 
bolic reactions. During the second session, the 
fat-soluble vitamins and vitamin C were considered ; 
despite the existence of a considerable body of 
knowledge relating to the effects of their deficiency, 
comparatively little is known of the nature of their 
direct participation in metabolic processes. 

Mr. D. E. Hughes (Medical Research Council Unit 
for Research in Cell Metabolism, Sheffield) showed 
how the bound forms of pantothenic acid, discovered 


through the use of micro-organisms for the assay of 


the vitamin, can now be seen to be various stages in 
the synthesis or breakdown of coenzyme A. ‘The 
provisional structure assigned to this coenzyme 
incorporates a phosphorylated adenosine pyrophos- 
phate and pantetheine, which is a peptide-like 
compound formed from pantothenic acid and 
mercaptoethylamine. The thiol group of the latter 
acts as @ carrier of acyl groups in a variety of meta- 
bolic reactions. The oxidation of pyruvic acid, for 
example, results in the formation of acetyl coenzyme 
A, which may then react. with oxaloacetate to give 
citric acid, thus furthering the oxidative metabolism 
of carbohydrate, or may contribute to the synthesis 
of a fatty-acid molecule. Succinyl coenzyme A, and 
probably other acylated forms of the coenzyme, may 
arise from other oxidative reactions and may serve 
in other synthetic reactions—for example, the 
synthesis of porphyrins. 

The signs of pantothenic deficiency in the rat 
include striking changes in the adrenal cortex. 
Existing evidence might suggest that these arise, 
first, through an increased demand placed upon this 
part of the gland and, secondly, from a lack of ability 
to perform the synthesis of steroids as a consequence 
of a lack of coenzyme A. Many tissues, including the 
adrenal cortex, become depleted of coenzyme A 
when the diet is deficient in pantothenic acid, and 
the liver, which is the last to suffer depletion, shows 
a reduced capacity to acetylate sulphonamides. The 
greying of the fur and the secretion of porphyrin by 
the lachrymal glands may be secondary effects of the 
disturbance of adrenal functions. 

Dr. H. M. Sinclair (Laboratory of Human Nutri- 
tion, Oxford) reviewed the characteristic signs of 
deficiency of pyridoxin in the rat, and in other 
animals. These include changes in the skin (erythema 
and cedema with superficial hyperkeratosis and 
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atrophy of the transitional layers), a microcytic 
anemia, and @ characteristic gait with, occasionally, 
epileptiform fits, suggesting changes in the central 
nervous system. Increased vascularization of the 
skin in rats is not accompanied by vascularization of 
the cornea. 

As with pantothenic acid, these signs of deficiency 
bear no simple relation to the known functions of the 
vitamin as @ coenzyme. In the form of pyridoxal 
phosphate it is apparently concerned with the general 
metabolism of the amino-acids, as the coenzyme of 
transamination reactions. It is also required by 
bacteria for the breakdown of serine and cysteine, 
and the decarboxylation of certain other amino- 
acids; and for the synthesis of tryptophane by 
Neurospora. No satisfactory connexion can be estab- 
lished between the effects of deficiency of the vitamin 
and a lowered histaminase activity, as was suspected 
at one time. 

Consideration of the possible connexions between 
these coenzyme functions and the changes in various 
tissues of the rat can go no further than speculation 
that protein synthesis is impaired, and that lesions 
appear where the tissues are most subjected to 
trauma and thus most need repair. This general 
connexion between the vitamin and protein meta- 
bolism is supported by observations on certain aspects 
of the protein metabolism of deficient animals. 

Dr. J. W. G. Porter (National Institute for Research 
in Dairying, Reading) reviewed the many results 
suggesting that vitamin B,,, like folic acid, is con- 
cerned with the metabolism of one-carbon fragments, 
such as formyl and methyl groups, in animals and 
bacteria. In this case, however, the evidence does 
not extend to the identification of the vitamin as the 
coenzyme for a specific reaction. Methionine can 
partly replace vitamin B,, in the nutritional require- 
ments of rats and chicks, and can wholly replace it 
for certain mutants of EH. coli. Thymidine has been 
reported to produce hematopoietic responses in man 
and the pig, and it can replace vitamin B,, for the 
growth of Lactobacillus leichmannii. In both cases 
the explanation could be that the vitamin is required 
for the methylation of the normal precursors of these 
substances. These observations connect vitamin B,, 
with protein and nucleic acid synthesis. 

A possible clue to the form in which it functions 
lies in the presence in feces of several forms of the 
vitamin, having different activities when tested on 
various organisms. At least five such forms are now 
known: of these, all are active towards EL. coli, but 
two have little or no activity for Lb. leichmannit. 
All these forms have been found in small amounts in 
ox liver. 

The presence of cobalt in the vitamin has provoked 
an investigation of its relation to cobalt deficiency in 
ruminants, and the most recent results indicate that 
doses of vitamin B,, large in relation to those used 
to treat pernicious anzmia will cure the symptoms 
of cobalt deficiency in sheep. 

Prof. C. P. H. Dam (Afdeling for Biokemi og 
Ernaering, Danmarks Tekniske Hojskole, Copen- 
hagen) was prevented from attending by illness, but 
his paper, entitled ‘Recent Studies on Vitamin K”’, 
was read for him. He outlined the relationship 
between vitamin K and blood coagulation, pointing 
out its complexity. The fact that the plasma from 
chicks treated with dicoumarol, or with coumachlor 
(a rodenticide: 3-(«-phenyl-$-acetylethyl)-4-hydroxy- 
coumarin), shortens the prothrombin time of plasma 
from chicks deficient in vitamin K, and vice versa, 
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shows that more than one coagulation factor is 
lacking in vitamin K deficiency; but mixing the 
two plasmas does not bring the prothrombin time to 
its normal value. There are differences between 
natural vitamin K and synthetic substitutes for it, 
sucn as menaphthone (2-methyl-1,4-naphthoquinone); 
the latter do not counteract the effects of adminis- 
tration of dicoumarol, and the natural vitamin gives 
a faster reduction of prothrombin time in cbicks 
deficient in vitamin K. Prof. Dam thought it more 
likely that dicoumarol displaces vitamin K from an 
enzyme system than that it inhibits the synthesis of 
the vitamin. About 10 per cent of a dose of dicoumarol 
labelled with radioactive carbon was found in the 
liver after twenty-four hours. Simultaneous adminis- 
tration of a vitamin K substitute increased the rate — 
of disappearance of the dicoumarol from the liver ; 
the longer the dicoumarol was present in the liver the 
greater its effect on the prothrombin time. 

There are natural variations in the clotting time of 
blood. A very extensive survey in Copenhagen has 
shown that for three days after birth there is a rise 
in the prothrombin time, which may be prevented 
by the administration of vitamin K to the mother 
ante partum, or to the infants. Irrespective of treat- 
ment, the (lower) adult level is not reached for six 
months. That hemorrhages in the new-born cannot 
be entirely due to the increased prothrombin-time is 
indicated by the observation that there is a seasonal 
variation in the frequency of hemorrhages, but not 
in the prothrombin time. Prof. Dam compared the 
observed decrease in mortality attributable to 
vitamin K therapy in Copenhagen, one per thousand 
births, with the extremes of optimism and pessimism 
attending its first discovery. 

In reviewing the other fat-soluble vitamins, Dr. T. 
Moore (Dunn Nutritional Laboratory, Cambridge) 
began by pointing out certain differences between 
vitamins A, D and E. The daily doses for rats are, 
respectively, 0-025, 0-5 and 50 ugm.; and whereas 
the precursor of vitamin A, $-carotene, is readily 
converted to the vitamin in the body, the immediate 
precursor of vitamin D is formed in the body but 
cannot be converted to the active form without the 
aid of ultra-violet light. Vitamin A has a well-defined 
role in the cyclic formation of rhodopsin in the eye, 
and in some organisms this may be its sole function. 
However, in mammals only a minute fraction of the 
total vitamin A is present in the retina, and in 
deficiency of the vitamin characteristic changes are 
seen in the epithelial tissues, possibly due to the 
replacement of mucoproteins by keratin. In the 
vaginal epithelium the effects of cestrogens and 
vitamin A oppose one another, and excess of either 
may counteract the normal effects of the other. The 
metabolic reactions underlying these effects are 
unknown. 

No detailed understanding of the action of vitamin 
D in promoting calcification exists ; but some attempts 
have been made to substantiate the hypothesis that 
it acts directly on the conversion of phosphate from 
the organic to the inorganic form. 

The observation that methylene blue can cure or 
prevent some of the symptoms of vitamin E defici- 
ency, in particular the pigmentation of the uterus, 
suggests that vitamin E may have two functions in 
metabolism: one to serve as an intracellular anti- 
oxidant, the other a more specific one connected with 
reproduction. In vitamin E deficiency there are 
chemical changes in the muscles, including the 
depletion of creatine, and there is evidence of inter- 
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ference with protein metabolism. The red blood cells 
of rats deficient in vitamin E are hemolysed by 
dialuric acid. 

In the final paper, Dr. L. J. Harris (Dunn Nutri- 
tional Laboratory, Cambridge) examined the literature 
which, despite its bulk, still leaves us without evidence 
for @ specific metabolic role of vitamin C. Among the 
older hypotheses was one associating ascorbic acid 
with collagen formation, and also the more general 
theory that certain formative cells, such as osteo- 
blasts, show reduced activity; in these cells the 
vitamin has been found to be concentrated in the 
Golgi apparatus. 

Recent studies have established that the meta- 
bolism of tyrosine is affected. The intact scorbutic 
animal (including man) fails to oxidize completely 
additional tyrosine fed to it, and tissue slices from 
deficient animals oxidize tyrosine less rapidly than 
normal. 

The extent of conversion of folic acid into folinic 
acid is reduced in deficiency of the vitamin, a finding 
which might explain a suspected connexion between 
scurvy and anzmia. 

The adrenal gland, the original source of Szent- 
Gyérgyi’s ‘hexuronic acid’, contains high concen- 
trations of the vitamin, and investigations are in 
progress to see whether any specific relation exists 
between the activity of the adrenal cortex and the 
function of the vitamin. 

The great majority of animals can synthesize 
vitamin C, but, although glucose is known to be its 
precursor, it is still not known whether synthesis is a 
property of all cells of the body, or whether certain 
tissues are specialized for this purpose; similarly, 
the function of the vitamin in plants is still obscure. 

J. 8. D. Bacon 


ROYAL SOCIETY MOND 
LABORATORY, CAMBRIDGE 


By Dr. D. SHOENBERG 


HE Royal Society Mond Laboratory was 
formally opened on February 3, 1933, by Mr. 
Stanley Baldwin, then Chancellor of the University. 
The twentieth anniversary of this occasion was 
recently celebrated by a party, preceded by demon- 
strations of phenomena at very low temperatures. 
In this brief review of the work of the Laboratory, 
it is appropriate first to recall how much it owes to 
the initiative and enthusiasm of Dr. P. Kapitza, 
who was its first director. Soon after Kapitza came 
to Cambridge in 1921, he became interested in 
m ing the curvature of «-ray tracks by magnetic 
fields, and this led him to think of the possibility of 
using magnetic fields much larger than those usually 
available in electromagnets but lasting for only a 
small fraction of a second. By limiting the duration 
of flow of a current in a coil to 1/100 sec., much 
higher currents can be used without producing too 
much heat, while at the same time 1/100 sec. is 
usually ample for the full establishment of any 
magnetic effect to be studied—thus, for example, an 
«-particle spends only about 10-* sec. in the apparatus. 
Kapitza first applied this principle in practice by 
discharging a specially designed accumulator battery 
through a coil, and breaking the current within a 
very short time of making by various automatic 
devices; by this means he studied a-ray curvatures, 
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and later the Zeeman effect. The success of these 
preliminary experiments, in which fields of order 
100,000 gauss were obtained, led him to think of 
more reliable methods of achieving still greater ficlds, 
and eventually he set up a large electric alternator 
which, during half a cycle of its operation, was 
connected across a coil to give a field of 300,000 
gauss over @ volume of several cubic centimetres, 
The equipment required considerable space, not 
only because of the large size of the machine and 
control gear, but also because, in order that the 
mechanical shock of the discharge should not disturb 
the delicate recording oscillographs, these had to 
be placed at a distance of about thirty yards away 
from the generator—a distance greater than that 
travelled by the shock wave in 1/100 sec. Space 
was provided on a site now occupied by the Depart- 
ment of Physical Chemistry, and Kapitza carried 
out a series of pioneer researches on various magnetic 
properties of matter—particularly the change of 
resistance of metals in a magnetic field, and also a 
study of magnetostriction and susceptibility. Many 
of the effects studied became much more striking 
at lower temperatures, and this led Kapitza to con- 
struct a hydrogen liquefier and to think of a helium 
liquefier in order to exploit more fully his high-field 
technique. It became clear that more laboratory 
space would be required to house such a complex 
of magnetic and cryogenic research, and the Royal 
Society made available funds from a bequest of 
Ludwig Mond in order to build a new laboratory 
suitable for the purpose, and at the same time 
appointed Kapitza to be Messel professor and director 
of this laboratory. 

The special requirements of the Laboratory led to 
an unorthodox but attractive design of building, the 
central feature of which is a large hall for the high- 
field equipment, around which are grouped various 
smaller rooms for research and for the technical 
services (liquefiers, workshop and machine room) ; 
apart from some office accommodation and a con- 
ference room on an upper story at one end, the 
laboratory is mostly on one floor. The central hall 
later lost its primary function ; but I think everyone 
who has worked in the Laboratory will agree that it 
has served a useful secondary function in lessening 
the isolation of the individual research rooms and 
providing a spacious atmosphere which is, perhaps, 
lacking in the more conventional type of laboratory 
built around narrow corridors. 

As soon as the new Royal Society Mond Laboratory 
had been opened and the various machines installed, 
Kapitza set to work to build a helium liquefier. In 
characteristic style he preferred to design an entirely 
new type of machine rather than copy existing ones, 
and he was successful in developing a liquefier in 
which cooling below liquid-nitrogen temperatures 
was achieved by an expansion engine, and no liquid 
hydrogen was used (although, of course, liquid hydro- 
gen was available from a separate liquefier if required 
for investigation at higher temperatures). It is 
interesting to note that Kapitza’s machine was 
the forerunner of the Collins helium liquefier, which 
has become commercially available, and has been 
largely responsible for the enormous development of 
cryogenic research in the United States in recent 
years. 

Just when it seemed that the Laboratory was ready 
to carry on full-scale research at low temperatures 
and high magnetic fields, a serious setback occurred 
when Kapitza was unable to return to Cambridge 
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from @ visit to the U.S.8.R. When it became clear 

that this situation was likely to continue, it was 

eventually decided to sell his high-field equipment 
to the U.S.S.R. so that Kapitza could carry on his 
work in Moscow, and to develop the Cambridge 

jaboratory primarily as a cryogenic rather than a 

magnetic laboratory ; J. D. Cockcroft, who had been 

closely associated with Kapitza in much of his early 
work, was put in charge of the laboratory. Up to 
this time, cryogenic research at the temperatures 
made available by the use of liquid helium had been 
almost an exclusive monopoly of the Kamerlingh 
Qnnes Laboratory at Leyden, though, on a smaller 
scale, work had been going on in Toronto, Berlin, 
one or two centres in the United States, and had 
just started in Oxford. A number of quite new and 
unexpected phenomena, such as superconductivity 
and the -transition in liquid helium, had been 
discovered in Leyden ; but these were, as yet, little 
understood, and there was still plenty of scope for 
relatively simple experiments designed to investigate 
ints of principle. 

During the next few years work, the policy of 
carrying out such experiments yielded handsome 
dividends. J. F. Allen and various collaborators 
(A. D. Misener, J. Reekie and E. Ganz) took up the 
study of the properties of liquid helium below the 
)-point. Investigation of the anomalously high heat 
conductivity led to the discovery of the striking 
‘fountain effect’, which showed that the heat flow 
was intimately associated with material flow. This 
was followed by the discovery that the liquid could 
flow in fine channels with an alinost complete 
absence of viscosity, and this led eventually to the 
concept of a superfluid component of liquid helium. 
By a curious coincidence, Kapitza, in his new Moscow 
laboratory, had turned aside from his investiga- 
tions at high magnetic fields. and made the dis- 
covery of superfluidity in fine channels independently 
at the same time. D. Shoenberg took up various 
questions of the magnetic behaviour cf super- 
conductors which, following the discovery of the 
Meissner effect, were beginning to excite interest ; 
later, his studies of the magnetic susceptibility of 
small superconducting particles in mercury colloids, 
in parallel with experiments by E. T. 8. Appleyard 
and others on superconducting thin films, proved 
the reality of the small depth of penetration (of 
order 10-° cm.) of a magnetic field into a super- 
conductor, which had been envisaged in the theory 
of F. and H. London, and demonstrated that this 
depth of penetration was strongly dependent upon 
temperature. At the same time, J. Ashmead had 
designed water-cooled coils to give steady fields of 
up to 50,000 gauss and used them in the development 
of the technique of adiabatic demagnetization, which 
had been recently opened up in Leyden and in Oxford, 
as a practical method of working at temperatures 
below 1° K. 

All this work was interrupted by the Second 
World War, and for the next six years the Laboratory 
was turned over to various researches for the defence 
ministries. Late in 1945, cryogenic research was 
started again, first under Allen’s direction, and 
since 1947, when Allen was appointed to the chair of 
natural philosophy at St. Andrews, under Shoenberg. 
Perhaps the most striking advance since the War 
has been the application, by A. B. Pippard, of 
the radar techniques developed during the War 
to problems of superconductivity. He has studied 
the behaviour of superconductors at very high 
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frequencies—-where the resistance is no longer zero, 
but drops only gradually as the temperature is 
lowered—and has developed methods of studying 
the depth of penetration which are not only more 
accurate than the colloid method and other ‘static’ 
methods developed in the Laboratory since the 
War but also lend themselves better to a variation 
of physical conditions such as crystal orientation 
and purity. These investigations have reached a 
stage where the London theory, which provided 
such a valuable interpretative guide in the past, is 
beginning to prove inadequate, and Pippard’s results 
are indicating the direction in which the theory needs 
modification. Other researches on superconductivity 
by E. R. Andrew, T. E. Faber, J. M. Lock and D. 
Shoenberg have cleared up some of the puzzles con- 
nected with the intermediate state in the transition 
from the superconducting to the normal phase, and 
have enabled the magnitude of the surface tension 
between the phases to be estimated. New data have 
also been obtained by G. T. Pullan on the behaviour 
of the thermoelectric power in the transition and by 
J. K. Hulm and B. B. Goodman on the thermal 
conductivity of superconductors; the adiabatic 
demagnetization technique is being used to extend 
the latter data into the range below 1° K., which is 
of particular interest theoretically. 

A by-product of Pippard’s work on superconductors 
has been his study of the anomalous skin effect in 
normal metals, which sets in when the electron mean 
free path becomes comparable with the skin depth— 
as occurs at very high frequencies and low tempera- 
tures. Pippard’s semi-quantitative explanation of the 
effect was developed in detail by G. E. H. Reuter 
and E. H. Sondheimer, and comparison with the 
more detailed experiments later carried out by 
R. G. Chambers has provided new information about 
the parameters which enter into the electron theory 
of normal metals. The de Haas — van Alphen effect 
(a periodic variation of magnetic susceptibility with 
field strength) provides somewhat similar information, 
and during the past few years Shoenberg has dis- 
covered this effect in a number of metals. Quite 
recently he has developed a new method of studying 
the effect at high fields produced by discharging 
a large condenser through a coil, thus on a 
modest scale reviving the Kapitza tradition in the 
Laboratory. 

Work with liquid helium since the War has been 
carried on by K. R. Atkins (now in charge of the 
Toronto cryogenic laboratory), D. V. Osborne, A. C. 
Hollis-Hallett and C. E. Chase. One of the most 
important researches has been the measurement of 
the speed of ‘second sound’ down to about 0-1° K., 
which proved to show just the rise predicted by 
Landau’s theory. Other work has included studies 
of the helium film, the hydrodynamic properties of 
liquid helium and the absorption of sound. Rather 
as in superconductivity, here too, the further the 
experiments are pushed the more evident does it 
become that existing theories are in need of 
improvement. 

In the course of all these researches the essential 
simplicity of experiments which was characteristic 
of the early days of the Laboratory has to some 
extent been lost with the necessity for more accurate 
measurements of less easily studied properties. More 
and more complicate devices have had to be accom- 
modated in ever larger liquid-helium ‘dewars’, 
while at the same time the number of projects 
going on simultaneously has also increased. For these 





460 


reasons the Kapitza liquefier which had rendered 
such excellent service for many years was abandoned 
in’ 1949, when Ashmead built a larger liquefier, 
working on the more conventional cascade principle, 
but yielding 3-7 litres per hour instead of the previous 
1-8. This gain in yield was achieved by making use 
of the full capacity of the hydrogen and helium 
compressors of the Laboratory, and particular 
attention was paid in the d.sign of the liquefier to 
ease of servicing. At present, as many as six or 
seven separate ‘helium runs’ can be carried on 
simultaneously on each of the two ‘helium days’ 
every week, and it is hoped thai the flexibility of 
experimenting will be still further improved soon, 
when a large liquid-helium storage vessel is brought 
into use, so that it will be possible for liquid helium 
to be used at any time. 
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In such a brief account as this of twenty years 
work, it has been scarcely possible to do more than 
point out the main trends; and inevitably some of 
the individual researches—such as the experiments 
on paramagnetism before the War by H. M. Barkla 
and E. S. Shire, J. Ashmead and J. Reekie and more 
recently by C. G. B. Garrett—have found no mention, 
In its main lines of research, on superconductivity 
and liquid helium, the work of the Laboratory has 
helped in clarifying many tangled questions; but 
though in s6me ways it is now clearer what it is that 
has to be explained, the underlying fundamental 
theories are still far from developed. ‘This is an 
attractive situation for the experimenter in the 
challenge it offers, and it is hoped that the Laboratory 
will play a part in the future in reaching the deeper 
understanding which is still lacking. 


NEWS and VIEWS 


Wool Textile Engineering at Leeds : 
Dr. Alfred H. Nissan 


An interesting development in the Department of 
Textile Industries of the University of Leeds is the 
recent appointment of Dr. A. H. Nissan as the first 
holder of the research chair of wool textile engineering, 
which was endowed in 1947 by the Wool Industry 
Surplus Cloth Corporation and the National Wool 
Textile Export Corporation with donations amounting 
to £52,500. Dr. Nissan is a graduate in chemical 
engineering of the University of Birmingham ; he 
was awarded the Sir John Cadman Medal and the 
Burgess Medal and Prize of the Institute of Petroleum. 
After. carrying out research for the degree of Ph.D., 
he Was appointed to the staff as lecturer in petroleum 
production engineering in 1939 and proceeded to the 
degree of D.Sc. in 1943. During the War he worked 
under the direction of Prof. F. H. Gamer on flame- 
thrower problems, including the hydrodynamics of 
flow of complex visco-elastic systems and chemical 
engineering problems connected with the develop- 
ment of a novel flame-thrower fuel. In association 
with L. Grunberg, he also devised an interesting 
method of making sea-water potable by removing 
the chlorine ion with silver oxide and the sodium ion 
with uranium oxide. After the War, Dr. Nissan’s 
attention was turned to combustion processes in 
diesel engines and the properties of detergent oils as 
lubricants, until he was appointed head of the Central 
Research Laboratories of the Bowater Paper Cor- 
poration, Ltd., in 1947. There he has had the inter- 
esting and satisfying experience of developing a 
strong and successful research team from the smallest 
beginnings ; he should find equal opportunities in the 
work of the new chair to which he has been appointed. 


Imperial College of Tropical Agriculture : 
Dr. G. A. C. Herklots 


Dr. G. A. C. Herxtors, who is succeeding Mr. 
H. J. Page as principal of the Imperial College of 
Tropical Agriculture (see Nature, 170, 564; 1952), 
studied at Leeds and Cambridge under J. H. Priestley, 
Walter Garstang and F. F. Blackman. In 1928 he 
went to Hong Kong University to take charge of the 
new Department of Biology. His first interest in 
natural history found expression in the ten volumes 
of the “Hong Kong Naturalist’? and in books on 
trees, orchids, natural history and birds. His interest 
then extended to economic products; and the 


Journal of the Hong Kong Fisheries Research 
Station, a book on food fishes, and another on 
vegetable cultivation, were the practical outcome. 
The problem of nutrition appealed to him, and he 
was fortunate in being seconded to Dr. B. 8. Platt’s 
nutrition survey unit in Nyasaland for six months in 
1939. On his return to Hong Kong his services were 
lent to the Government, first in connexion with fire- 
wood supplies; later, as scientific adviser to the 
Food Controller, he helped in the establishment of a 
siege reserve for 1,800,000 people. Following forty- 
three months internment by the Japanese, when he 
had practical experience of poverty and malnutrition, 
he was entrusted with the task of re-organizing the 
fishing industry and organizing vegetable production 
on a large scale in Hong Kong. (Hong Kong now 
sells wholesale 30,000 tons of fish and more than 
40,000 tons of locally produced vegetables annually.) 
As secretary for development he was responsible for 
the creation of a Department of Agriculture and for 
the administration of departments of gardens, forestry 
and of the fish and vegetable marketing organizations. 
Since 1948 ho has been secretary for Colonial agri- 
cultural research at the Colonial Office—an appoint- 
ment which has enabled him to visit most of the 
Colonies of the British Empire. 


Instruments and Accessories for Use with Radio- 

active Isotopes 

THE second edition has been published of “‘Instru- 
ments and Accessories for Radio-Isotope Applica- 
tions’”’, a useful brochure for the potential users of 
radioactive isotopes, edited by Dr. Denis Taylor and 
A. G. Peacock (pp. 20. London: Scientific Instru- 
ment Manufacturers’ Research Association, 1952; 
free). Without detailed knowledge, the selection of 
suitable electronic equipment may be very difficult, 
and the details given of the various detector elements 
and associated equipment used for radioactive assay 
and radiation monitoring, together with the names 
and addresses of manufacturers, will therefore be of 
considerable assistance. The brochure is divided into 
sections, dealing with assay instruments, including 
Geiger, proportional, and scintillation counters, and 
ionization chambers ; monitoring instruments ; geo- 
logical survey prospecting equipment ; special instru- 
ments, including material-thicknesses gauges, pulse- 
amplitude analysers, p.c. amplifiers and _ oscillo- 
scopes; and accessory equipment, covering isotope 
containers and handling equipment, laboratory 
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furnishings and dry boxes, mass spectrometers and 
vacuum equipment. In addition to the Isotope 
Information Office of the Atomic Energy Research 
Establishment, from which details of the isotopes 
available, cost, method of delivery, etc., can be 
obtained, Isotope Developments, Ltd., (120 Moor- 
gate, London,- E.C.2) and Tracer Processes, Ltd., 
(385 Oxford Street, London, W.1) are listed as 
consultants on radioactive tracer techniques. Three 
books are recommended for further information on 
radioactive isotopes and counting-tubes. 
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Physiology of Rubber Tapping 


An attempt has been made by J. P. Riches and 
E. G. B. Gooding (New Phytol., 51, No. 1, 1; 1952), 
and by E. G. B. Gooding (ibid., 11), on the basis of 
work done at the Rubber Research Institute, Malaya, 
to give @ more exact account of the forces at work 
and the processes involved when rubber trees are 
tapped for latex. The general conclusions of Arisz 
and Frey-Wyssling are retained in a modified form. 
When a trunk is first tapped, the latex is of high 
concentration and high viscosity. As a result of 
exudation at the cut surface, there is a fall in the 
internal pressure at the cut ends of the latex vessels ; 
but, because of its resistance to movement, only a 
small amount of latex is forced out, and the drop in 
pressure extends over a short length of vessel only. 
Even though dilution takes place in the affected 
region, the concentration and viscosity of the latex 
are still so great as to offer resistance to its exudation. 
The resistance to movement of the latex has an effect 
similar to @ positive turgor pressure: water is taken 
in slowly, and pressure release in distant parts of 
the vessel is delayed. Hence the slow exudation of 
only slightly diluted latex. These ideas are followed 
up in their application to subsequent tappings during 
which flow becomes easier, concentrations become 
lower, and the region affected by the exudation more 
extensive. Related aspects are also considered. In a 
further contribution (ibid., 51, No. 2, 1389; 1952), the 
effect of various factors on the concentration of latex 
is considered. 


Studies on the Lymnzide 


In an extensive monograph entitled ‘Recent 
Lymneide : their Variation, Morphology, Taxonomy, 
Nomenclature and Distribution’’, consisting of 223 
pages, illustrated by 369 text-figures and 5 plates 
(Kungl. Svenska Vetenskab. Hand., Bd. 3, No. 1, 
1951. Stockholm: Almquist and Wiksell ; London : 
H. K. Lewis and Co., Ltd. ; 25 kr.), Bengt Hubendick 
has reviewed the taxonomy and nomenclature and 
discussed critically the distribution of the living 
Lymnezide. As the result of a careful study of many 
examples of sixty-nine populations from different 
localities in Seandinavia, the author describes in 
Part 1 the variations, considered morphometrically, 
of the important species Lymnea peregra. The range 
of variation disclosed in the shell and reproductive 
organs is truly remarkable 1nd no doubt played its 
part in causing the author to become a ‘lumper’. All 
too frequently collectors, having found a few speci- 
mens in @ new locality which differ from the actual 
type in a few or some particulars, have erected a new 
species without pausing to consider the entire range 
of variation of the original population even in the 
type locality ; they have also omitted to take into 
account the possibility or extent of ecophenotypical 
variations. In Part 2 of the monograph Mr. Hubendick 
passes on to discuss the value and applicability of 
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morphological characters in the determination of 
species. In the course of this he has examined a 
wide specific range of material not only from the 
shell but also, wherever possible, by dissection and 
by serial sections of the male copulatory organs. 
Part 3 is a critical review of the recent Lymneids 
considered under biogeographical regions in the light 
of the preceding mass of information. Finally, a 
bibliographical list of the previously recorded 
Lymnzide is provided, excluding the specialized 
Lancine, which includes a number of genera and 
about a thousand specific names. These the author 
has reduced to three genera and forty species with a 
number of varieties. This work will remain indis- 
pensable to workers in the field for many years. 


Pocket Check List of Malayan Timber Trees 


In Malayan Forest Records, No. 17, Mr. J. Wyatt- 
Smith has prepared a ‘“‘Pocket Check List of Timber 
Trees’ for use by Malayan forest officers (pp. 716 ; 
Kuala Lumpur: Forest Department, 1952; 3 Malay 
dollars or 7s. 6d.). The list includes all trees which 
reach timber size, fixed arbitrarily at 4 ft. in girth at 
breast height. A limited number of common small 
trees, although they do not reach timber height, are 
included as being of importance in providing poles 
and firewood used locally. This publication does not 
suffer from the disadvantage that attends many other 
forestry manuals of being too bulky to be taken out 
into the field. Indeed, this small volume is intended 
as a book of reference, and its regular use should 
ensure that only preferred vernacular names are 
employed and correct symbols used for enumeration 
surveys and linear sampling. The book is divided 
into four parts as follows: list of Dipterocarps ; list 
of non-Dipterocarps ; alphabetical index to scientific 
names of all trees included in Parts 1 and 2; keys to 
groups and species of Dipterocarps. An interesting 
addition is a translation into Malay of the intro- 
ductory notes to Parts 1 and 2 for the benefit of the 
Malay field staff of the Department of Forestry. 


Housing in the Tropics 

Tue problem of low-cost housing in tropical areas 
is the main topic of the sixth bulletin in the series on 
Town and Country Planning published by the United 
Nations Department of Social Affairs. The bulletin 
states that the great majority of dwellings in the 
villages, town and cities of the tropics are woefully 
deficient in the essential physical and social require- 
ments of shelter. Overcrowded, structurally unsound, 
insanitary and infested with vermin, they lack the 
simplest arrangements for cooking and storing food 
or for washing ; they are far removed from the most 
modest concept of standards of legally established 
minima. The bulletin also presents articles on design 
and construction for tropical housing, suggestions for 
improving sanitation in tropical areas and examples 
of how numerous communities have achieved better 
housing through ‘self-help’ projects. International 
activities in the field of tropical housing are reviewed 
in @ section covering actions taken by the United 
Nations and several Specialized Agencies, technical 
assistance given by the United Nations and other 
organizations, and housing discussions at recent 
international or regional conferences. 


Manchester Public Libraries: Annual Report for 
1951-52 


Txt hundredth annual report of the Manchester 
Public Libraries Committee, covering the year ended 





462 NATURE 


March 31, 1952 (pp. 55+ 10 pl. ; Manchester : Central 
Library, 1952), records a slight decrease in the total 
issue of nearly six million volumes, continuing the 
trend in the adult lending libraries since the general 
increase in the cost of books enforced a reduction in 
the purchase of several copies of a popular book. 
The photographic reproduction service is in such 
demand that many requests from beyond the con- 
fines of the City have had to be declined. The value 
of this service has been demonstrated most effectively 
in the Technical Library, which has its own photo- 
graphic equipment. The report indicates the way in 
which this Library is being developed in the closest 
possible liaison with the various specialist libraries 
and industrial organizations, and the value of such 
technical library service is now becoming recognized 
by industrial firms. Its seating capacity is taxed to 
the utmost, and although the total issue of items was 
186,095 compared with 186,014 in the previous year, 
the number of books issued on request at the counter 
again increased in all subjects, especially in tech- 
nology. The trade catalogue collection now exceeds 
ten thousand items, nearly six thousand of which 
were consulted during the year—an increase of 50 per 
cent. Stress is laid on the assistance given to readers 
by the staff of both the Technical Library and the 
Commercial Library and Information Department. 
In view of the approaching centenary of the Man- 
chester Public Libraries, a chronological table from 
the purchase of the first building, the Hall of Science, 
Campfield, on June 10, 1850, isincluded with the report. 


Large-volume Measuring-Flasks 


Messrs. H. J. Exxiorr, Lrp., E-Mil Works, Tre- 
forest Trading Estate, Nr. Pontypridd, Glam., state 
that from time to time they receive inquiries from 
laboratories in Great Britain and abroad for measuring- 
flasks of 3, 5 and 10 litres capacity ; the maximum 
capacity generally available is only 2 litres. Their 
present information is that the demand would be 
limited to about a dozen of each size per annum, which 
would scarcely justify the expense of obtaining the 
necessary moulds. Scientific workers interested are 
invited to write to Messrs. H. J. Elliott, to assist 
the firm in deciding whether to undertake the 
production of measuring-flasks of large capacity. 


Nuffield Foundation 
Fellowship 


THE Nuffield Foundation, as part of its programme 
for the care of old people, is offering @ research 
fellowship, of professorial status, for research on the 
scientific aspects of ageing, or alternatively one or 
more fellowships of less senior status. The award(s) 
may be tenable at any university in the United 
Kingdom and is open to applicants of either sex, 
usually not more than forty-five years of age. The 
senior fellowship will normally be made for a period 
of five years, renewable for five more years, and will 
be worth not less than £2,000 a year plus super- 
annuation and child allowance; research expenses 
will be met by the Foundation, including provision 
for research assistants, apparatus and technicians. 
If, instead of this appointment, one or more fellow- 
ships of a lower category are awarded, they will be 
for three years in the first instance and worth £1,000 
£1,500 a year plus superannuation, child allowance 
and research expenses. Application forms, to be 
returned before June 1, and further information can 
be obtained from the Secretary, Nuffield Foundation, 
Nuffield Lodge, Regent’s Park, London, N.W.1. 


Gerontological Research 
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Sixth International Congress of Microbiology 


Tue Sixth International Congress of Microbiology 
will be held in Rome during September 6-12, 1953, 
under the presidency of Prof. V. Puntoni, director of 
the Institute of Hygiene, University of Rome, with 
Prof. E. Biocca, director of the Institute of Parasit- 
ology, University of Rome, as secretary-general. The 
following is @ provisional list of the sections into 
which the Congress will be divided: general micro- 
biology (morphology, metabolism, growth factors, 
ete.); growth inhibitors (antibiotics, chemothera- 
peutics, antiseptics) ; genetics ; pathogenicity (viru- 
lence, toxins); microbiological technique and 
diagnosis (large-scale production of micro-organisms, 
quantitative microbiology, etc.) ; general immuno- 
logy ; immunological chemistry ; animal viruses ; 
plant viruses; bacteriophages ; rickettsize ; schizo- 
raycetes ; spirochetes ; fungi; protozoa; microbe- 
transmitting arthropods; microbiology applied to 
human, veterinary and plant pathology; micro- 
biology applied to agriculture ; industrial micro- 
biology and fermentations ; microbiology applied to 
hygiene ; and microbiology of milk and foodstuffs. 
Since the preliminary programme was prepared, 
the Organizing Committee has decided to establish 
@ sub-section on bacterial taxonomy. All those 
wishing to read papers must send in titles and 
abstracts (not exceeding five hundred words) 
before April 30. In connexion with the Congress the 
Istituto Superiore di Sanita is planning six symposia, 
at which the lectures will be by invitation only. The 
symposia will be on the following subjects : bacterial 
cytology ; microbial metabolism; nutrition and 
growth factors; growth inhibitors and chemo- 
therapy; morphology, biology and systematics of 
the Actinomycetales; and host-virus interactions. 
Further information can be obtained from the VI 
Congresso Internazionale di Microbiologia, Istituto 
dIgiene “G. Sanarelli’”, Citt&é Universitaria, Roma. 


Faraday Society: Fiftieth Anniversary and Hun- 

dredth General Discussion 

Tue fiftieth anniversary celebrations and the one 
hundredth general discussion of the Faraday Society 
will be held in the Royal Institution (21 Albemarle 
Street, London, W.1) during April 16—18 under the 
presidency of Prof. H. 8. Taylor, dean of the Graduate 
School, Princeton University. The programme for 
April 16 will consist of addresses by two founder- 
members, Prof. F. G. Donnan and Sir James Swin- 
burne; an address by Sir Harold Hartley on 
‘Michael Faraday as a Physical Chemist”; the 
seventh Spiers Memorial Lecture, on ‘Models and 
Molecules”, by Prof. J. H. Hildebrand (University 
of California); and a guest-night dinner at the 
Dorchester Hotel to commemorate the fiftieth 
anniversary of the Society. During April 17-18 there 
will be a general discussion on ‘‘Equilibrium Prop- 
erties of Solutions of Non-Electrolytes”’, in which the 
equilibrium properties of liquid mixtures (general 
theory and experimental) and solubility (gaseous 
mixtures and liquid mixtures) will be considered. 
Application fcr attendance at these meetings must be 
made by March 22. Application forms and further 
information can be obtained from the Secretary of 
the Society, 6 Gray’s Inn Square, London, W.C.1. 


Third International Biometric Conference 


Tue third international biometric conference, 
arranged by the Biometric Society, a Section of the 
International Union of Biological Sciences, will be held 
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at Bellagio, on Lake Como, during September 1-5. 
There will be ten half-day sessions on the following sub- 
jects: training in biometry, mathematical problems 
in genetics, industrial applications of experimental 
designs, agricultural designs, public health and social 
medicine, biological assay with special reference to 
immunology, biometrical problems in ecology, func- 
tional relations in experimentation, methodological 
problems in biometry, and sequential experimenta- 
tion. In order to save time, communications from 
members may be presented ir the form of exhibits 
of mounted charts, photographs, etc. Full informa- 
tion concerning each contributed paper or exhibit, 
including @ summary in English of not more than 
two hundred words, should reach the secretary of 
the conference (Dr. L. L. Cavalli-Sforza, Istituto 
Sieroterapico Milanese, Via Darwin 20, Milano) 
before April 30, from whom all further particulars 
can be obtained. 


lonization Phenomena in Discharges: Conference 

in Oxford 

THE Clarendon Laboratory, Oxford, in co-operation 
with the Institute of Physics, the Physical Society 
and the British Electrical and Allied Industries 
Research Association, will be holding a conference on 
“fonization Phenomena in Discharges’’ during July 
18-23. Visits to laboratories, social meetings and 
excursions have been arranged for July 18-19, and 
then the main subjects will be discussed as follows : 
July 20-21, the mechanisms of glow discharges, 
sparks and ares, and electrodeless discharges ; July 
22-23, Geiger counters, photo-ionization processes and 
ionization by electron collision in gases. A session will 
be reserved for questions of general interest. Further 
particulars can be obtained from the secretary of the 
Conference, Dr. G. Francis, Clarendon Laboratory, 
Oxford. 


British Sociological Association 


TuE first conference of the British Sociological 
Association, to be preceded by the annual general 
meeting, will be held at Queen Elizabeth College, 
Campden Hill Road, London, W.8, during March 
27-29. The topic of the conference will be ‘‘Social 
Policy and the Social Sciences’. The address at 
the first session will be given by Prof. Gunnar Myrdal, 
executive secretary of the Economic Commission for 
Europe. The conference will divide into three groups 
to discuss: (1) health; (2) design and planning ; 
(3) needs and standards in the social sciences. Reports 
from the groups will be presented and then summed 
up by Prof. T. H. Marshall. Further information 
can be obtained from the honorary general secretary, 
R. J. Goodman, British Sociological Association, 
Skepper House, 13 Endsleigh Street, London, W.C.1. 


Radio Industry Council Awards for Technical 
Writing 


Tue Radio Industry Council has awarded six 
premiums for technical writing in the field of radio, 
the articles being published during 1952. These 
premiums, of which the first four are for twenty-five 
guineas and the other two for ten guineas, have been 
awarded to the following, the name of the journal 
and subject of the article being shown in brackets : 
P. H. Parkin and J. H. Taylor (Wireless World: 
speech reinforcement in St. Paul’s Cathedral) ; 
T. Somerville and C. L. S. Gilford (B.B.C. Quarterly : 
composite cathode-ray oscillograph displays of acous- 
tic phenomena and their interpretation); J. A. 
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Jenkins and R. A. Chippendale (Electronic Engineering: 
some new image-converter tubes); W. R. Stamp 
(Discovery : underwater television) ; T. W. Benning- 
ton (Wireless World: propagation of very high 
frequency radiation via sporadic E); and Dr. G. N. 
Patchett (Wireless World: faulty interlacing). The 
awards will be presented at a luncheon of the public 
relations committee of the Council at the Café Royal, 
Regent Street, London, W.1, on April 9. 


Announcements 

Mr. Water ENGLIsH, director and general 
manager of Messrs. Brough, Nicholson and Hall, 
Ltd., Leek, has been awarded the Textile Institute 
Medal, in recognition of his distinguished se.-vices to 
the textile industry in general and to the Institute 
in particular. 

A SYMPOSIUM on some present problems in virology, 
to be conducted in French and English, will be held 
in Lausanne by the Centre de Collections de Types 
Microbiens de |’Institut d’Hygiéne et de Bactériologie 
during May 22-23. The fee for the meeting is 15 Swiss 
francs. Enrolment forms and further information 
can be obtained from Prof. P. Hauduroy, 19 rue 
César Roux, Lausanne. 

A SYMPOSIUM on cortisone and the suprarenal 
cortex, organized by the University of Milan and 
sponsored by the Societa Italiana di Reumatologia, 
will be held in Milan during August 31-September 2. 
Short papers, lasting not more than twenty minutes, 
on the biological and clinical aspects of the topic will 
be read, te permitted languages being Italian, 
French and English. Further information can be 
obtained from the secretary of the symposium, Prof. 
C. B. Ballabio, Clinica Medica dell’Université di 
Milano, via F. Sforza 35, Milano. 

THE seventh annual conference of the Stress 
Analysis Group of the Institute of Physics will be 
held in the Engineering Laboratory, University of 
Cambridge, during March 25-27. Further informa- 
tion can be obtained from the honorary secretary of 
the Group, E. K. Frankl, Engineering Laboratory, 
Trumpington Street, Cambridge. 

THE laboratories of the British Non-Ferrous Metals 
Research Association (81-91 Euston Street, London, 
N.W.1) will be open for inspection, by invitation only, 
on March 23 at 3 p.m. 

ASpECIAL exhibition, entitled ‘“Navigation To-day”’, 
will be opened by Lord Waverley at the Science 
Museum (South Kensington, London, S.W.7) on 
March 31 at 3 p.m. The exhibition will be open to the 
public until the middle of September; during the 
course of this time six special evening lectures on 
various aspects of navigation will be given. Features 
of the exhibition will be full-size models of a ship’s 
bridge and of the flight deck of an aircraft. 

Tue fifth technical trade exhibition of raw mat vrials 
and equipment used in the paint, varnish and printing- 
ink industries, organized by the London Section of the 
Oil and Colour Chemists’ Association, will be held at 
Borough Polytechnic, Borough Road, London, 8.E.1, 
during March 30—April 1 (2.30-8.30 p.m. each day). 
Further information can be obtained from the 
honorary secretary, H. C. Worsdall, c/o Plastanol, 
Ltd., Crabtree Manor Way, Belvedere, Kent. 

REFERRING to the review of the “Proceedings of 
the Second Berkeley Symposium on Mathematical 
Statistics and Probability”, published in Nature of 
March 7, p. 410, the Cambridge University Press 
states that the English price is £4 2s. 6d. 
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HAEMOGLOBIN METABOLISM 


SYMPOSIUM on hemoglobin metabolism, 

under the chairmanship of Prof. G. Payling 
Wright, was held in London on the evening of 
February 17 by the Section of Pathology of the 
Royal Society of Medicine. Dr. A. Neuberger was 
prevented by illness from giving the opening paper, 
which was on hem biosynthesis, and his place 
was therefore taken by Mr. John Scott. Mr. Scott 
referred to the important work of Shemin and 
Rittenburg, who were the first to show that glycine 
is the specific precursor of porphyrin nitrogen. 
They also showed that the incorporation of nitrogen- 
15 into hemoglobin after feeding such nitrogen- 
labelled glycine to a man revealed that the hemo- 
globin of red cells is not continuously degraded and 
synthesized like other proteins, but has a life-span 
of about a hundred and thirty days. Certain 
limitations, inherent in isotope experiments, together 
with the delay in the delivery into the circulation 
of hemoglobin after synthesis of the porphyrin in 
man, render difficult the interpretation of the 
persistence of small quantities of isotope in the red 
cells even two hundred and fifty days after the 
feeding of glycine. In contrast, the Ashby agglu- 
tination technique appears to show that no appreci- 
able number of red cells survive for more than a 
hundred and thirty days. While this might be due 
to the synthesis of porphyrin from glycine retaining 
a low but definite isotope-content for as long as a 
hundred days, it is not impossible that there is 
some re-utilization of hemoglobin or hem from the 
cells breaking down. Experiments by Shemin e¢ al., 
and by Muir and Neuberger, using glycine and 
acetate labelled in various ways by nitrogen-15 
and carbon-14, have shown that all the atoms of the 
protoporphyrin molecule can be accounted for in 
terms of glycine and a four-carbon compound, 
such as succinic acid, derived from acetate by the 
Krebs tricarboxylic acid cycle. The experimental 
evidence is in accord with the initial synthesis of a 
monopyrrolic unit bearing a carboxyethyl and a 
carboxymethyl group in the § positions. Condensa- 
tion of four of these units under the restricted 
conditions postulated by Neuberger, Muir and 
Gray would lead to the formation of uroporphyrins 
I and III, the latter in excess. Decarboxylation 
of the carboxymethyl group of these would lead to 
coproporphyrins I and III ; an oxidative decarboxy]l- 
ation of two of the carbethoxy , groups of this last 
porphyrin would lead to protoporphyrin IX. 

Prof. C. Rimington emphasized the enormous 
synthetic capacity of the hemopoietic system. 
Whipple has stressed the great importance of the 
liver and labile protein reserve in meeting emer- 
gencies for the production of fresh red cells and 
hemoglobin by the hemopoietic organs. Reference 
was made to the stimulating effect of amino-acids in 
hemoglobin regeneration after hemorrhage. Borsook 
has observed that the incorporation of some amino- 
acids labelled with carbon-14 into the hemoglobin 
and stroma of reticulocytes from phenylhydrazine- 
treated rabbits is always greater when the maturation 
is studied in @ plasma medium rather than in saline. 
This effect is in part due to some unidentified factor 
present in plasma. Thorell has shown that the total 
protein in bone marrow cells has reached a maximum, 
and the ribonucleic acid content, which is always 
correlated with protein synthesis, has fallen to a 


very low level by the time hem production is 
occurring. Although this suggests that globin is 
formed before the hem, the microspectrographic 
method used does not discriminate between globin 
and other proteins. In vivo and in vitro exposure to 
X-rays affects the synthesis of hem and globin io a 
different extent, and also suggests that the two 
processes are independent. Muir, Neuberger and 
Peronne have shown that, when glycine labelled 
with carbon-14 is fed to the rabbit, the glycine of 
the globin and of the hem are of comparable 
radioactivity only after twenty-four hours. Before 
this time, more activity was in the globin glycine. 
This could be due to globin formation preceding 
hem formation or to the relative sizes of the globin 
and porphyrin pools and other factors. Hemoglobin 
synthesis may also be studied in hemolysates of 
avian nucleated red cells, and much valuable infor- 
mation may in future be obtained from such a 
system. 

Dr. W. M. Davidson described the structure of 
the red cell with its preferential barrier to diffusion, 
and was of the opinion that, at the end of its life-span, 
certain enzymes become used up so that the cells are 
destroyed by the reticulo-endothelial system. Lytic 
processes play @ major part in certain disorders, but 
probably not in normal red cell destruction. Lysis 
can be effected by certain chemicals, antibodies, 
hypotonic solutions, heat, freezing, buffeting, altera- 
tion in pH and the effects of light especially in the 
presence of photosensitizing agents, such as por- 
phyrins, Rose Bengal, etc. Cells which have been 
partly damaged by some lysins or are congenitally 
fragile lyse in slightly hypotonic solution. Ionic 
surface-active lysins penetrate monolayers of 
cholesterol and lecithin, substances known to be 
important constituents of the cell structure, and raise 
the surface pressure until collapse occurs. ‘The 
relationship of non-ionic agents to hemolysis is 
less clear. Sphering appears to be an important but 
not essential preliminary to lysis, and the process, 
though reversible in its early stage, soon becomes 
irreversible. Serial estimations of the diameters 
of red cells show the process of development and 
disappearance of the spherocytes. Lysis is sometimes 
preceded by agglutination, the formation of sidero- 
cytes, Heinz bodies or basophil stippling. It is 
probable that the hemolytic activity of bile salts, 
which are present in circulating blood, is normally 
prevented by certain inhibitors. In most immune 
hemolytic reactions, a factor sensitizes the red 
cells for the lytic agent which is usually complement. 
Some hzmolysins cause only agglutination in vitro, 
but hemolysis in vivo; and some incomplete anti- 
bodies have no apparent effect on red cells in vitro, 
but cause hemolysis in vivo. Human hemolytic 
disorders are classified according to whether the 
cells of the affected person have, or have not, & 
shortened life after transfer into normal individuals. 
There is @ definite difference between in vitro and 
in vivo effects of the immune hemolysins ; in vivo, 
some factor, possibly a tissue lysin, greatly exag- 
gerates the reaction. 

According to Prof. C. H. Gray, the mechanism 
of breakdown of hzmoglobin to bile pigment 1s 
obscure. The original view was that the globin is 
split from the hemoglobin molecule to give hematin, 
which is then broken down through protoporphyrin 
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to bile pigment. Earlier workers who attempted. to 
demonstrate the conversion of hzematin to bile 
pigment obtained discordant results, but in 1950 
London showed by isotope experiments that at least 
20 per cent of administered hematin is rapidly 
metabolized to bile pigment. Although the experi- 
ments of Grinstein and his colleagues indicate that 
part of the fecal protoporphyrin in the dog may 
be formed from breakdown of hemoglobin, in man 
porphyrin excretion can contribute no more than an 
insignificant amount to the total breakdown products 
of hemoglobin. Lemberg has shown that hzemo- 


globin is oxidized by oxygen in the presence of 


ascorbic acid to choleglobin, a complex of globin 
and the iron derivative of a bile pigment. The 
proportion of the total hemoglobin broken down 
by intra-corpuscular degradation of this kind is 
quite unknown. It seems likely that the dipyrrolic 
compounds, such as propentdyopents and bilifuscins, 
are derived from bile pigments subsequent to their 
excretion by the liver. Isotope experiments have 
shown that bile pigment can arise not only from 
cells at the end of a normal life-span, but also by a 
very rapid mechanism as well as by a slower mechan- 
ism not from cells at the end of a normal life-span. 
In the small intestine, the bilirubin excreted in the 


bile is reduced to ‘fecal urobilinogen’, a mixture of 


colourless precursors of the pigments stercobilin, 
urobilin IXa and d-urobilin. Baumgartel believes 
that mesobilirubinogen, the precursor of the optically 
inactive urobilin IXa, is formed only in the liver, 
but Watson has contested this view. The determ- 
ination of fecal urobilinogen has been much used 
as a rough measure of hemoglobin breakdown. 
Interpretation of the results obtained must, however, 
always take into account certain limitations : 
urobilin and urobilinogen are converted into other 
substances not estimated by the Ehrlich reaction ; 
and hemoglobin may break down directly into 
dipyrrolic compounds, or other unknown substances. 
The very high proportion of bile pigment not formed 
from old red cells may occur in other diseases as 
well as in pernicious anzmia and congenital porphyria. 

Dr. J. C. Houston outlined the view that the body 
is unable to excrete iron, and that the amount of 
this element within the body is normally regulated 
by its absorption, which is strictly limited, according 
to the needs of the tissues. Apoferritin of the duodenal! 
and intestinal mucosa appears to act as an acceptor. 
When all the apoferritin has combined with iron to 
give ferritin, no more iron can be absorbed until 
some has been given up to the plasma. The factors 
controlling the rate of release of iron from the 
mucosal ferritin into the plasma are obscure. The 
total iron-binding capacity of plasma is normally 
only about one-third saturated. In heamochromatosis, 
serum iron is always above normal, and there is 
complete or almost complete saturation. The serum 
iron of hemochromatosis patients does not increase 
after oral ferrous sulphate as does that of a normal 
person. Attempts using radioactive iron to determine 
the absorption of iron and the amount laid down 
in the tissue stores have given discordant results, 
either because of technical difficulties in measuring 
fecal radioactivity or because patients have been 
investigated at different stages of the disease. Very 
little isotope passed into the blood, presumably 
because of dilution by ® pool of physiologically 
available iron that is larger than normal. That 
some of these enormous deposits of iron in hzemo- 
chromatosis are available for regeneration of haemo- 


NATURE 


465 


globin has been shown by the failure of these patients 
to become anzmic even after repeated large bleedings. 
Patients with hemochromatosis can thus regenerate 
hemoglobin at a great rate, and it seems likely 
that it is the small reserve of available iron which 
limits the rate of hemoglobin regeneration after 
hemorrhage. 

In the subsequent discussion, Dr. W. W. Payne 
emphasized the importance of the mucosal block 
in the absorption of iron by reporting a case of 
fersolate poisoning in which the serum iron con- 
centration reached 20 mgm./100 ml., consequent to 
the destruction of the intestinal mucosa, In reply 
to a question from Prof. N. F. Maclagan, Prof. Gray 
observed that ‘fecal urobilinogen’ determinations 
are of some value in the diagnosis of hemolytic 
disease. Prof. H. Munro Fox described how hemo- 
globin synthesis in the crustacean Daphnia is greatly 
stimulated by oxygen lack and how, on re-oxygena- 
tion, the extra hemoglobin rapidly disappears, 
apparently without bile pigment formation. Dr. 
J.C. White referred to the observation of Haurowitz, 
that the oxidation of fatty acids is coupled with the 
breakdown of hemoglobin to colourless products. 
Dr. T. With remarked that in the horse the serum 
bilirubin is much greater than in man, yet in the 
horse the bile contains very little bilirubin. Dr. 
M. G. Good was of the opinion that the thyroid 
influences hemopoiesis. 


EDUCATION IN CHEMISTRY 


DISCUSSION on education in chemistry was 

held on February 18, under the joint auspices 
of the London Sections of the British Association 
of Chemists and the Royal Institute of Chemistry. 
This attracted an audience of about two hundred 
people, not only from the London area, but also 
from various other parts of Britain. Introductory 
talks were followed by an animated discussion, and 
altogether twenty-one people spoke in the course of 
just under three hours. They were representative of 
the University of London, the Royal Institute of 
Chemistry, technical colleges, technical schools, 
the Ministry of Education and industry. 

The five introductory speakers dealt with distinct 
facets of the subject. Prof. C. K. Ingold (University 
College, London) spoke about the aim of the revised 
regulations for the Special degree in chemistry of 
the University of London. A specialist in chemistry, 
he said, should reach a standard at which he has 
studied some aspects in sufficient detail, in order to 
have the right to form an independent judgment. 
At the same time, the conventional barriers between 
chemistry and other sciences are breaking down, 
and it is necessary for chemistry specialists to have a 
broad background in other sciences. Prof. Ingold 
thought that sufficient experience has been gained 
with the Internal degree of the University to be 
sure that the students trained under the revised 
regulations are better developed than those trained 
under the old regulations. 

Dr. J. H. Skellon (Acton Technical College) spoke 
about External degrees in chemistry of the University 
of London, mainly from the point of view of the 
technical colleges. He described ways in which 
these colleges are adjusting their arrangements to 
fulfil the additional requirements of the new regula- 
tions, and thought that there is a danger of the main 
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subject being neglected in the first years of the 
course. He felt that the new regulations for the 
External degree should be reconsidered at the end 
of an experimental period of, say, five years. A 
point of serious concern is that a student has to 
decide at the Intermediate science stage whether he 
will work for the General degree or for a Special 
degree, and he felt that this is too early a stage for 
a specialist to be selected. The old arrangement, 
whereby @ man could take the General degree and, 
one year later, a Special degree, had a distinct 
advantage. 

Prof. Harold Burton (Queen Elizabeth College, 
London) said that the only professional qualification 
in chemistry, apart from the Special B.Sc. degree 
and the associateship of certain technical colleges, 
is the associateship of the Royal Institute of 
Chemistry. The Institute had 3,174 registered 
students at the end of 1952. Approximately three 
hundred have entered for the examinations in 
April, and the normal percentages of passes is of 
the order of 25 per cent. This qualification places 
more emphasis on practical work than the University 
of London degree. He pointed out that many 
candidates are found to be weak in physical chemistry. 

Mr. R. W. Blount (Ministry of Education) discussed 
National Certificates in chemistry, which are quali- 
fications below the professional level. This scheme 
has been in operation since 1921, and he felt that, 
apart from providing an indication of the level of 
training of chemical assistants, it has a distinct value 
in encouraging organized part-time courses, in raising 
the standard of accommodation and equipment at 
many technical colleges, and in bringing students into 
early contact with their professional institution. 
He said that the numbers of candidates for the 
Ordinary National Certificate in chemistry has 
risen from 358, with 245 passes, in 1946 to 1,285, 
with 729 passes, in 1952. For Higher National 
Certificate the increase has been from 112, with 83 
passes, to 593 with 364 passes. Further increase is 
probable, particularly as opportunities for part-time 
day-study increase. 

Dr. Norman Booth (British Oxygen Co., Ltd.) 
talked about the requirements of industry, in which 
two out of every three qualified chemists are 
employed. He stressed that only about one-third 
of the qualified chemists in industry are engaged on 
research work, and that more than 8 per cent are 
engaged on administrative work of various types, 
including departmental management and membership 
of boards of companies. This is a growing tendency 
which should be taken into account when considering 
the education of chemists. A man with only scientific 
and technical knowledge will have a limited scope 
in industry, and the universities should foster other 
qualities essential both for senior technical and for 
administrative posts. Dr. Booth also referred to the 
value to industry of integration of the respective 
courses for the National Certificate and for the asso- 
ciateship of the Royal Institute of Chemistry. 

The discussion which followed covered a wide 
range of subjects and is not easily summarized. 
Some purely factual matters raised were answered 
by the opening speakers. A number of contributors 
considered that the Special degree in chemistry, 
although perhaps suitable for those who will become 
outstanding academic workers, covers too much 
detail for most chemists’ needs. It was believed 


that a course which pays particular attention to the 
principles of chemistry and puts more emphasis on 
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practical training would be more valuable gener|ly, 
Some desirable features are difficult to achive; 
for example, a practical examination in physical 
chemistry cannot be adopted because of lack of 
examination facilities. 

Many speakers referred to the question of {ioxi- 
bility and integration of courses, the object bein: to 
enable a person to change from one type of course 
to another without necessarily having to start at the 
bottom of the new course. It was generally felt 
that there could be improvements in the present 
system. It was suggested that bursaries shoul be 
made available to enable promising persons with 
Higher National Certificate in chemistry to s'udy 
as full-time students for a degree, either in pure 
science or a technology. 

It was pointed out that the University of Loi ion 
has taken distinct steps to ease the way for admission 
of students ffom technical secondary schools, which 
for some young people might provide the best 
approach to the chemical profession. Thus, for 
example, people of mature years are no longer required 
to have passed a preliminary examination in a foreign 
language. The ordinary National Certificate in 
chemistry is regarded as part-fulfilment of the 
entrance qualification. Further, in the General 
Certificate of Education, it is not necessary to take 
all the subjects: at once, as was the case with the 
old matriculation examination. 

Mr. L. E. Ball said that the University of London 
is revising many of the degree courses; but it has 
not been possible to bring them all into operation 
at once. He referred particularly to revised General 
degree regulations which will require the student to 
take three subjects in his first post-intermediate 
year and two subjects for a further two years. 

Dr. H. B. Nisbet thought it might be possible to 
arrange a system so that at about General degree 
standard a person could decide to proceed either to 
take a technological course or, if he intended to go 
into research, to take the Special chemistry course. 
In this way industry would be able to recruit men 
with training more appropriate to the type of 
work they are going to do than is the case at 
present. 

It was noted that there is a class of worker in 
industry, namely, the process worker or plant operator, 
who would benefit from instruction in the chemical 
principles underlying the processes he is operating. 
Although some industrial concerns themselves provide 
this training, co-operation with the local technical 
colleges might well be extended. 

Other points which arose in the discussion were 
the continued shortage of teachers of chemistry in 
schools and its future effect on higher education in 
chemistry ; the necessity for teaching students to 
express themselves in simple and unambiguous lan- 
guage; the desirability of industry revising its 
recruiting standards, for example, by taking more 
people with a General degree and placing less emphasis 
on @ degree with honours in Special chemistry ; and 
how far attempts should be made to educate chemistry 
students in the humanities. 

It is probable that no single point raised during the 
discussion would have met with unqualified agree- 
ment. It was clear, however, that there is no 
smug satisfaction with the present system of 
education, and that there are many constructive 
ideas for improvement. The education of chemists is 
evidently receiving serious attention by all sections 
of the chemical community, and perhaps the one 
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thing on which all would agree is that methods of 
teaching, the content of courses and the regulations 
must al! be adjusted at suitable intervals of time in 
the ligit of new knowledge and new demands. 
Norman Bootu 


ROYAL COMMISSION ON 
AWARDS TO INVENTORS 


rTHE Royal Commission on Awards to Inventors, 

| under the chairmanship of Lord Cohen, which was 
appointed in 1946, has now submitted a third report 
containing @ general survey of the principles which have 
guided its decisions and some particulars of the more 
important claims dealt with up to November 8, 1952. 

Since hearings started in February 1947, the 
Commission has sat in public on 278 days and dis- 
posed of 325 cases. Many of the claims have presented 
features of great complexity and have involved 
hearings extending over several days. About 255 
cases were withdrawn after being referred to the 
Commission. This large number of withdrawals 
indicates that the procedure adopted by the Com- 
mission for enabling the claimant and the government 
department concerned to set out their case in writing 
in the first instance has been useful in clarifying and 
leading to the settlement of many difficult cases 
without recourse to a hearing. 

The Commission, under its terms of reference, can 
only deal with those cases referred to it by the 
Treasury or the government department concerned. 
To assist the department in determining which cases 
should be referred, the chairman, at the request of 
the Treasury, set up an Investigating Committee 
consisting of two or three members of the Commission 
who carefully examine all claims submitted to it. 
This Committee has dealt with about 280 claims. 
Many of the claims comprised several inventions 
which had to be considered separately. 

Sums totalling approximately £616,770 have been 
awarded since the Commission began its work. By 
far the largest number of claims has been on an ex 
gratia basis—that is, where the claimant has no legal 
right to payment but relies upon the bounty of the 
Crown. Under this heading, for example, the 
Commission has awarded a total of £94,600 to the 
inventors of radar installations, including £50,000 to 
Sir Robert Watson-Watt. A further series of claims 
for which a total of £23,300 was recommended 
concerned the inventions (generally known as 
‘degaussing’) used on ships to counteract the German 
magnetic mine. Other claims concerned the ‘Fido’ 
project for dispersing fog from airfields, the ‘Leigh’ 
light for aircraft used in anti-submarine warfare and 
the ‘Morrison’ table shelter for air-raid protection. 

The Commission has also dealt with several legal 
claims based on the use of patents, in these cases 
acting in lieu of the High Court. One of these inven- 
tions concerned stabilizing gear for reducing the 
rolling of ships, and the Commission awarded the 
claimants £27,500. 

The Commission has continued the shortened 
procedure for dealing with claims, for this procedure 
provides a claimant with a more expeditious and less 
expensive means of bringing his claim to a hearing. 

Although there is still a considerable number of 
claims outstanding, which the Commission will deal 
with as and when it is ready for hearing, it can now 
be claimed that the major part of the task allotted 
to the Commission has been accomplished. 
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COMMONWEALTH FUND 
ANNUAL REPORT FOR 1951-52 


HE thirty-fourth annual report of the Common- 

wealth Fund*, founded on October 17, 1918, by 
Mr. Stephen V. Harkness (whose residence, Harkness 
House, New York, was bequeathed to the Fund and 
is occupied as its headquarters), covers the year ended 
June 30, 1952. Of the 2-7 million dollars appropriated 
during the year, 39 per cent was for medical education, 
16 per cent for experimental health services, 15 per 
cent for medical research and 8 per cent for fellow- 
ships, including advanced fellowships in medicine 
and allied fields, particularly for work involving the 
crossing and re-crossing of interdisciplinary frontiers, 
and thirty-one British fellowships and nine Salzburg 
fellowships. The report lists the thirty research 
projects currently aided by the Fund; and, of the 
nine which were new or renewed during the year, six 
relate to integrative processes in man or to crucial 
factors in the adjustment of man to this environ- 
ment. 

The major interest of the report, however, lies in 
its account of the experimental work in medical 
education and in health services supported by the 
Fund and of the ideas which are guiding these 
experiments. In medical education, the experiments 
turn on the assumption, still to be verified, that 
medical teaching organized around the student’s need 
to learn and the patient’s need for care, will prepare 
students to meet the responsibilities of medicine as 
@ social institution more effectively than medical 
teaching organized around the preoccupation of 
teachers with what they as specialists think they 
ought to teach. To the five-year grant made in 1950 
for the reorganization of the curriculum at the 
Western Reserve School of Medicine, a further grant 
of 276,428 dollars has been added. This will facilitate 
@ reorganization in which the initial two phases will 
occupy about two and a half years ; first, the student 
is oriented to medicine and to the patient, presenting 
the fundamental principles of man’s structure, func- 
tion, growth, behaviour, and relation to his environ- 
ment; and then, during the second phase, dealing 
with disease (by general principles and afterwards by 
organ and site), the teaching will be done by inter- 
departmental teams on which each man wij] teach 
what he is best fitted for; the third and final phase 
of the reorganization will take a further eighteen 
months and will deal with the care of sick people. 

The second group of experiments embraces grants 
to the University of Colorado Schoo! of Medicine and 
to the Cornell University Medical College for studies 
relating to teaching and learning by contact with 
patients in the clinical years of the medical course, 
conducted in a new kind of clinic which will put a 
premium on continuity and’ comprehensiveness in 
medical care. If the experiments succeed, they should 
assist in providing answers to some of the outstanding 
questions regarding the relation of generalized to 
specialized medicine, the responsibility for insight 
into the patient’s total problem and the like. The 
Fund has also made a new grant for the support of 
the “family general practice’’ clinic begun at the 
University of Tennessee College of Medicine in the 
autumn of 1951, and one of 200,000 dollars for the 
expenses of a working-party for three years to devise 

* Commonwealth Fund. Thirty-fourth Annual Report for the Year 


ending June 30, 1952. Pp. xiii+42. (New York: Commonwealth 
Fund, 1952.) 
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an integrated programme in human biology and 
ecology at Yale University based on the joint con- 
tributions which Yale College and the School of 
Medicine might make. The Fund has also provided 
96,500 dollars towards a study of the state of the 
resources of the University of Florida which can, 
and should, be woven into the pattern of medical 
education. 

In the field of Experimental Health Services the 
Fund has been most interested in integrating health 
care, and its main grant has been a further 158,100 
dollars in support of the large experiment in integrated 
health care at the Hunterden Medical Centre, New 
Jersey, which a sound and ably led rural community 
is building, with a further 250,000 dollars to meet the 
emergency arising from the sharp increase in building 
costs. In effect, the plan adds a general staff to 
existing health services of the United States, and 
also seeks to encourage a keener understanding of 
people in need of help by stimulating the com- 
munity to discover and practise mental hygiene. 
Comprehensive efforts are also being made to obtain 
a complete picture of the nature and extent of the 
need for the treatment of chronic illness and disabling 
conditions and the rehabilitation of their victims. 


THE BOSE INSTITUTE, CALCUTTA 
THIRTY-FIFTH ANN!VERSARY 


oo director, Dr. R. C. Mazumdar, before 
presenting his report on the working of the Bose 
Institute for the past year, took the opportunity to 
refer, to the fiftieth anniversary of the publication in 
1902 of Sir Jagadish Chandra Bose’s book ‘‘Response 
in the Living and the Non-living’’, which had at 
the time of its publication evoked a great deal of 
interest. He also announced the receipt of a legacy 
of £5,000 from the executors of the late Miss Edith 
Keating, of London. A fellowship is to be created in 
the Bose Institute, which will be known as the Edith 
and Richard Keating Research Fellowship. 

Satisfactory progress has been made during the 
past year in the investigations carried out at the 
Mayapuri Research Station, Darjeeling, on plant 
virus and microbiological investigations. The different 
virus strains in seed potatoes, collected from the Seed 
Potato Farm at Rungbull, have been isolated and 
identified. Attempts are being made to produce 
hybrid strains, which will be immune to many of 
the virus infections, by crossing local commercial 
strains of potato with different wild South American 
species. The work planned is a long-range one and 
cannot be successful without the financial aid and 
co-operation of the State Department of Agriculture, 
West Bengal. A scheme for continuation of this work 
has been submitted to the Government. At Mayapuri 
other applied investigations of importance to the 
Darjeeling District, like the introduction of white and 
red clover from seeds imported from Britain, are being 
taken up. 

The Institute has been selected by the Indian 
Council for Agricultural Research for carrying out a 
five-year scheme of investigation on chemical eradi- 
cation of weeds which infest fields growing rice and 
other economic crops. 

Some aspects of photosynthesis, on which the 
nutrition of plants and animals are ultimately based, 
have been studied in the Institute for some time. At 
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present, radioactive carbon imported from Harwell 
is being employed in the Institute to elucidate ag 
tracer certain problems of assimilation of car}on 
during photosynthesis. 

Successful X-ray irradiation of seeds of econ:mie 
plants like jute, cotton and oil seeds with the \ iew 
of evolving new economic types of mutants are bing 
continued. With jute, a tall mutant has jen 
stabilized ; chemical examination of the fibre ¢on- 
stituents, tensile strength and anatomical studic; of 
the fibres have been started, as well as a metho: of 
impregnating with artificial resins bleached jute 
fibre, for increasing its wet tensile strength. 

Nitrogen fixation by soil and nodule bacteria: is 
being studied. Mention was also made in the report 
of various plant physiological investigations, in- 
cluding cultures of plant tissue in artificial media, 
and the study of the conditions for producing neo- 
plastic growth in plant cells, similar to the develop- 
ment of cancer cells in animal tissues. The effect of 
antibiotic substances on plant nuclei is being studied, 

The director also reported on the different schemes 
for providingadditional building accommodation for 
library and workshop, and for the acquisition of a large 
plot of good agricultural land to the north of Calcutta 
where the whole agricultural experimental work of 
the Institute can be centralized. At present con- 
siderable difficulty is being met with in maintaining 
the agricultural experiment stations of the Institute 
at two different places, one seventeen miles north of 
Calcutta at Bamangachi, and the other thirty-two 
miles south of Caleutta at Falta. 

Dr. Mazumdar then delivered the fourteenth 
Acharya Jagadish Chandra Bose Memorial Lecture 
entitled “Growth of Scientific Spirit in Ancient 
India’’. 


RESEARCH IN THE 
SOCIAL SCIENCES 


HE latest issue of that valuable publication, the 

‘Register of Research in the Social Sciences’’*, 
makes it possible to examine the trends of develop- 
ment that have become apparent in social research 
in recent years. The most important factor under- 
lying these trends is, of course, the ‘Clapham’ grant 
given to the universities to make expansions possible 
in teaching and research in a number of the social 
sciences, and the effects are evident in the current 
issue of the ‘Register’. In addition, the Government 
has taken action in a number of ways to expand 
social research, notably by direct grants to such 
bodies as the National Foundation for Educational 
Research, the British Institute of Management, and 
the Colonial Social Science Research Council. The 
provision made in this way has also been supple- 
mented by generous benefactions from private 
agencies, the most important of which is the Nuffield 
Foundation. 

The immediate impression which a quick survey of 
the ‘‘Register’? makes on the mind is that social 
research is steadily expanding, that advances are, 
however, in a number of more-or-less disconnected 
areas rather than along a general line; and that, 
though an increasing amount of work of fundamental 


* Register of Research in the Social Sciences in Progress and in 
Plan: No. 9, 1951-52, with a Directory of Research Institutions. 


Prepared at the National Institute of Economic and Social Research. 
Edited by Feodora Stone. Pp. 188. (London: Cambridge University 
Press, 1952.) T5s. 
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importance is being undertaken, much ‘research’ is 
still very superficial, directed too often to mere 
trivialities, or to objectives which only possess a 
temporary importance in an administrative context. 
The truth is, perhaps, that the social sciences are 
still unable to ask the really important questions with 
sufficient clarity and simplicity to make it possible 
to devise effective methods of answering them. The 
economists have had most success in this endeavour, 
and this is perhaps why roughly a quarter of the 
whole of the research work summarized in the 
“Register”’ is in the field of economic analysis of one 
kind or another. 

Development appears to be slowest in the exceed- 
ingly important area of social behaviour. The need 
for relating the study of psychology to that of social 
organization is obviously great, for this is one of the 
central problems of the sociai sciences ; yet the whole 
psychology section devoted to ‘‘General Social 
Problems” only runs to three pages, or about the 
same length as that of the agricultural economics 
section. Modern psychiatry only appears in the 
outlines of researches on rare occasions, as, for 
example, in those of the Medical Research Council, 
the Tavistock Institute of Human Relations, and the 
Institute for the Study and Treatment of Delinquency. 
The various university research organizations appear 
for the most part to have been deterred from entering 
the more adventurous fields of research, and to have 
been led to attach too high a value to the safe and 
respectable. Nevertheless, the wastage-rate among 
Ph.D. students in the social sciences still remains 
notoriously high. It is probable that the phase 
of ‘settling-down’ in social science research will 
have to go on for some time yet, and that bolder 
experiments will have to be encouraged, before 
substantial advances can be made otherwise than on 
one or two rather narrow fronts. 


RHODOPSIN AND INDICATOR 
YELLOW 
By Dr. F. D. COLLINS 


Department of Biochemistry, University of Liverpool* 


UCH is now known’? concerning the _ bio- 

chemistry of scotopic vision ; but the chemical 
nature of the chromophore of rhodopsin (visual 
purple) is still obscure. When rhodopsin is exposed 
to light, various changes can be detected. Wald? 
showed that a substance, which he called retinene, 
could be extracted from retin exposed to light, or 
treated with a polar solvent such as chloroform. 
tetinene had an absorption maximum at 385 my in 
chloroform, and at 664 muy. in the presence of antimony 
trichloride dissolved in chloroform: Work in this 
laboratory*® showed that vitamin A aldehyde was 
spectroscopically indistinguishable from retinene. 
This conclusion has been fully confirmed by sub- 
sequent investigations®*. This research on retinene 
demonstrated that the most promising and practic- 
able method of elucidating the chemical nature of 
rhodopsin and its breakdown products was by com- 
paring their absorption spectra with those of materials 
prepared in the laboratory. The naturally occurring 
pigments are present in very small quantities (for 
example, 3ugm. of chromophore per ox retina) and 


_* At present at the Department of Biochemistry, Australian 
National University, Canberra. 
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all are unstable. However, the fact that rhodopsin 
is known to give vitamin A aldehyde provides a 
starting-point for the preparation of compounds for 
spectroscopic comparison with the naturally occurring 
pigments. 

‘The position of indicator yellow in the visual cycle 
has been uncertain ever since it was first described 
by Lythgoe’. He found that a rhodopsin solution 
after irradiation formed a substance which exhibited 
variations in spectral absorption with changing pH. 
In alkaline aqueous digitonin the absorption maximum 
was at 365 my while in acid it was changed to 440 mu. 
Work in this laboratory*-!° showed that vitamin A 
aldehyde would combine, in alkaline solutions only, 
with aliphatic amines (in excess) to form a substance 
with an absorption maximum at 365 my (solvent, 
aqueous ethanol). On the addition of one drop of 
concentrated hydrochloric acid, the maximum shifted 
to 440my. It was thus clear that indicator yellow 
must be a compound of retinene and a free amino- 
group, perhaps attached to a protein. 

Two alternative conclusions are possible. (1) 
Retinene (in this case the first stable product of the 
bleaching of rhodopsin) would combine with any free 
amino-groups (for example, amino-acids or proteins) 
which might be present. ‘In this case indicator 
yellow would be a fortuitous artefact having no 
direct relevance to visual chemistry’’*. Although 
retinene will only combine with amino-groups at an 
alkaline pH, indicator yellow is none the less formed 
in irradiated rhodopsin solutions buffered at an acid 
pH. This objection can be met by assuming that 
retinene, when first formed as a result of the irradia- 
tion of rhodopsin, is in an ‘activated’ form and that 
this ‘activated’ form combines rapidly with any free 
amino-groups. (2) The alternative conclusion is that 
the carbon-to-nitrogen bond present in indicator 
yellow is also present in rhodopsin. 

On the basis of the first proposition, it might be 
expected that formation of indicator yellow would 
be totally prevented by ‘blocking’ the free amino- 
groups. A well-established means of doing this is 
by the use of formaldehyde'-!*, as exemplified by 
the formol titration of amino-acids and proteins. A 
number of experiments have been carried out to test 
the validity of the above line of thought. 

From the work of Levy"! and his co-workers the 
reaction between an amino-acid and formaldehyde 
can be formulated as follows : 


+ 
R—NH, = R—NH, + Ht 
R—NH, + HCHO = R—NH—CH,OH 
R—NH—CH,OH + HCHO = R—N(CH,OH), 


From the data''? it is possible to calculate the 
proportion of these forms which will be present in a 
given set of conditions (see table). The amount of 
free amino-nitrogen in a rhodopsin solution is small, 
and an upper limit was established as follows. Two 
solutions (each 1 ml.) of rhodopsin (13 x 10-* M 
in respect to retinene) gave readings in @ manometric 
Van Slyke apparatus which did not differ from the 
blank reading by more than 1-7 mm. of mercury, @ 
difference which corresponds to 3yugm. amino- 
nitrogen per ml.: to be quite certain, an upper limit 
of 5 ugm. amino-nitrogen per ml. was assumed, which 
is equivalent to 360 x 10-* M. Assuming that the 
amino-groups are all present in the form of tyrosine 
(the amino-acid with the least affinity for formalde- 
hyde) and that the ‘activated’ retinene reacts equally 
well with the two forms of the free amino-group 
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Extent of the reaction between amino-acids and formaldehyde, as calculated 
from the data of Levy and Silberman (ref. 11), at pH 9. Total concentration 


of amino- rack put aa to 1-00 
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differs comparatively little from that of 
alkaline indicator yellow. As the irreleva:t 
absorption does not alter during the chan.‘ 
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Leucine Lysine 
Formaldehyde conc. | 2°67 M10M | 267M 10M | 267M 
R-NH, 0-018 0-0019 | 0-0107 0-00086 | 0-013  0-00109 
R— 0-015 0-0017 | 0-0034 0-00027 | 0-00035 
R_NH(CH,OH) 0-415 0-17 | 0-145 0-044 | 0-22 
0-840 0-954 0-76 


| R—N(CH,OH), 0-552 0-83 





+ 
(R—NH, and R—NH,), which is unlikely, then the 
concentration of amino-nitrogen available for reacting 
with the retinene will be 12 x 10-* M for 2-67 M 
formaldehyde and 1-3 x 10-§ M for 10 M formalde- 
hyde, both at pH 9. These two figures are 92 per 
cent and 10 per cent of the available retinene and 
are the maximum amounts of free amino-nitrogen 
that could be present. From these figures it is 
apparent that, if a pH of 9 and a formaldehyde 
concentration of 10 M are used, the amount of free 
amino-nitrogen will be less than one-tenth of the 
retinene ‘present (molar concentrations). These con- 
ditions would allow the two hypotheses to be dis- 
tinguished: if the first alternative is correct, not 
more than 10 per cent of the retinene will be present 
as indicator yellow. If the second alternative is the 
correct one, then the amount of indicator yellow will 
approach 100 per cent. 

On the second hypothesis, some retinene is to be 
expected, as the following evidence demonstrates. 
Retinene combines with methylamine to form a 
Schiff’s base1* (R.CH=NCH,) which has nearly the 
same absorption maximum as alkaline indicator 
yellow and which on acidification gives a compound 
with an absorption band at 440 my. If the Schiff’s 
base is dissolved in water (0-15 M borate buffer 
pH 9-3) with the aid of “Tween 80’, the absorption 
maximum changes from 363 my (characteristic of 
alkaline indicator yellow) to 383 my (characteristic 
of retinene) (see Fig. 1). This change is unimolecular 
with a half period of 25 min. at room temperature 
(about 18° C.). Therefore, if indicator yellow is 
formed directly from rhodopsin on irradiation, some 
retinene will be formed by hydrolysis even before 
the absorption spectrum can be measured. With the 
above considerations in mind, the following experi- 
ment was carried out (other similar experiments 
have given the same results). A rhodopsin solution 
was prepared from cattle rod outer segments as 
described by Collins, Love and Morton'®. The 
rhodopsin was extracted with 2 per cent aqueous 
digitonin, and 1 ml. of this solution was mixed with 
3 ml. of 40 per cent formaldehyde which had been 
adjusted to a pH of 9. The extinction at 500 my was 
recorded and the solution bleached with a photo- 
flood lamp. The absorption curve was then measured 
at intervals up to 60 min. (see Fig. 2). Finally the 
extinction at 500 my was measured, as was the pH. 
The difference before and after irradiation in the 
extinction at 500 mu (0-760 — 0-032 = 0-728) was a 
measure of the amount of rhodopsin present. Using 
the figure for the molecular extinction coefficient (in 
terms of a C., molecule) of 48,0001*, the total con- 
centration of retinene in the final solution would be 
15-2 x 10-* M. 

The curves shown in Fig. 2 have a well-defined 
isosbestic point, from which it follows that one 
material is being transformed into one other sub- 
stance. The final absorption curve corresponds 
closely to that of retinene, while the initial curve 


i0m | the isosbestic point), the difference in ¢)\ 

extinction between that at any particu!.r 

0 -000030 time and the final reading is a dirt 

0-926 | measure of the indicator yellow present «it 
| that time. 

If x be concentration of retinene at tim: ¢ 
after irradiation of the rhodopsin solution, and y the 
concentration of alkaline indicator yellow when thie 
concentration of retinene is 2, then the final con- 
centration of retinene will be x + y. The molecu! 
extinction coefficient of retinene at 360 my (aqueo 
is 28,200, while that of alkaline indicator yellow 
50,000 1%!4, Hence, using the points on Fig. 2 
360 mu, the following equation will hold : 


initially 28,200 x + 50,000 y + ¢ = 0-676, whe: 
¢ = irrelevant absorption ; 

finally 28,200 (x + y) + ¢ = 0-543 ; 

subtracting, y (50, 000 — 28,200) = 0-133 ; 

and hence y = 6-1 x 10-* M or 40 per cent of th 
total retinene. 


In another experiment at the same pH and strengt): 
of formaldehyde, the indicator yellow represente:! 
49 per cent of the total retinene. In both cases the 
lower limit of the indicator yellow concentration wa. 
at least four times the upper limit of the free amino 
nitrogen. That the first is a lower limit is evident 
from the fact that the reading at 360 muy, afte: 
irradiation of the rhodopsin solution, was falling 
rapidly and that the true initial concentration wa- 
certainly higher. The time between the beginning of 
irradiation and the measurement of the extinction 
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Fig. 1. Retinene methylimine dissolved in aqueous 0- 15M 
borate buffer (pH 9-3) with the aid of ‘Tween 80’. The first 
a tion curve A was measured as soon as rater 17 after solution 
been effected. Curve B was measured min. The 
al tion curves were measured at frequent in‘ 


these two extremes, three of which are + lh ag The rate of 
change was unimolecular with a half-period of 25 min. 
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change was unimolecular with a half-period of 9-0 min. 





at 360 mu was five to ten minutes, and in this time 
the concentration of indicator yellow would have 
fallen rapidly. In the two experiments just described, 
the difference between the extinction at 360 mp and 
the final reading at this wave-length fell off at a 
unimolecular rate. The values of the rate-constant 
were — 0-031 and — 0-037, corresponding to a half- 
life of 9-8 and 8-3 min., respectively, the mean 
half-life being about 9 min. It is thus evident that 
all the retinene could have been in the form of 
indicator yellow immediately after bleaching. 

Two differences are apparent between the alkaline 
form of indicator yellow and the compound between 
retinene and methylamine. First, the isosbestic 
points (the wave-length at which indicator yellow or 
its analogue and retinene have the same value of 
the molecular extinction coefficients) are different— 
380 my for retinene methylimine, and 389 my for 
indicator yellow. However, retinene in combination 
with proteins and compounds such as $-alanine and 
glycine has an isosbestic point with retinene at 
386-390 mu. The second difference is that indicator 
yellow is hydrolysed by water more rapidly (half-life, 
9 min.) than is retinene methylimine (half-life, 
25 min.). This difference in the rate of hydrolysis 
and in the isosbestic point indicates that, although 
retinene methylimine is an analogue of indicator 
yellow, it is not an exact one. This is most probably 
because @ methyl group is unlikely to simulate 
exactly an amino-acid radical or other large group. 

These experiments demonstrate that indicator 
yellow is not @ fortuitous artefact, and it thus follows 
that an understanding of the chemistry of indicator 
yellow and its analogues is essential to the elucidation 
of the chemical nature of rhodopsin. Retinene com- 
bines with methylamine to yield a crystalline material 
with an absorption maximum at 365 my in ethanol 
(melting point 73° C.; per cent nitrogen 4-82; 
molecular weight (rast-camphene) 290). This cor- 
responds to a simple Schiff’s base (retinene methyl- 
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imine). On acidification, a substance with an absorp- 
tion maximum at 440 my in ethanol is obtained. 
The purest preparation of this analogue of acid 
indicator yellow had H(1 per cent, 1 cm.) (465 my 
in chloroform) = 1,200, melting point 140° C. and 
3-9 per cent nitrogen; this material was unstable 
and to date has not been obtained as a pure crystalline 
material. The hydrochloride of retinene methylimine 
would not differ in its absorption maximum greatly 
from the free imine, and an absorption maximum at 
440 my. would imply a doubled molecule. Collins and 
Morton’® put forward provisional formule for acid 
and alkaline indicator yellow, which they claimed 
were the simplest explanations of the facts. Their 
conclusions were in principle correct; alkaline 
indicator yellow is now known to be a Schiff’s base, 
but the acid form may well be a more complicated 
molecule than that proposed by Collins and Morton. 
Until the structure of acid indicator yellow is known, 
it is not possible to say more except that a carbon- 
to-nitrogen bond must be present in rhodopsin. 

Workers in the field of visual chemistry have been 
divided in their assessment of the role of indicator 
yellow. Some’!%!7 have always accepted indicator 
yellow, although on mainly circumstantial evidence, 
whereas others (notably Wald and his co-workers?) 
have minimized its importance. The present work 
demonstrates that indicator yellow is a key substance 
in visual chemistry and represents a close approach 
to rhodopsin. How close is demonstrated by the 
following experiment. 

Retinene methylimine was dissolved in chloroform 
and treated with a solution of antimony trichloride 
in chloroform. The resulting solution had an absorp- 
tion maximum at 505 mu, changing to 497 my within 
ten minutes. Like rhodopsin (which has its absorp- 
tion maximum varying from 503 to 496 muy, according 
to the species from which it is obtained), the band 
is broad (half-width 110myp, rhodopsin 100 my). 
Although this product differs from rhodopsin in 
several respects (that is, it is relatively thermostable, 
is photostable and is produced under unphysiological 
conditions), this result is none the less a clear 
indication of the potentiality of retinene imines. 

Thanks are due to Prof. R. A. Morton, without 
whose help and encouragement this work would not 
have been possible. Thanks are also due to Dr. 
H. K. King for the amino-nitrogen estimations, and 
to Dr. A. L. J. Buckle, of the Organic Chemistry 
Department, University of Liverpool, for the 
determinations of nitrogen (micro-Dumas) and of 


molecular weight. 
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CYTOPLASMIC LOCALIZATION OF 
NUCLEIC ACIDS IN PLANT CELLS 


By J. CHAYEN and K. P. NORRIS 
Wheatstone Physics Laboratory, King’s College, University of 
London, W.C.2 
T is generally conceded that the nucleic acids are 
of major importance in the cell. Thus, protein 
synthesis is almost invariably associated with a high 
concentration of ribose, or pentose, nucleic acid! ; 
and the consistent occurrence of deoxyribose nucleic 
acid on the chromosomes, even in interphase nuclei, 
and on the bands of the salivary gland chromosomes 
of Drosophila has led Muller?, among others, to con- 
sider that the gene may be composed of deoxyribo- 
nucleoprotein. This conclusion has gained support 
from the work of Vendrely and of Mirsky, who have 
used biochemical procedures, and of many others 
who, by using staining and photometric methods, 
have shown that diploid nuclei apparently contain 
twice the amount of deoxyribose nucleic acid present 
in sperm and approximately half that found in nuclei 
believed to be tetraploid. 

The method most commonly utilized for demon- 
strating the localization of deoxyribose .nucleic acid 
in cells is the Feulgen reaction. There has been con- 
siderable controversy concerning how far this test is 
specific? and whether deoxyribose nucleic acid, with 
or without the recolorized leuco-basic fuchsin, could 
diffuse about the cell. Moreover, cytologists have felt 
that the hydrolysis involved in this reaction, namely, 
heating the tissue in normal hydrochloricacid for 6 min. 
at 60° C., was an undesirable part of the procedure. 

More. recently, Kurnick‘ has developed a method 
by which polymerized nucleic acid can be stained by 
a stoichiometric reaction with purified methyl green. 
It is generally assumed that whereas deoxyribose 
nucleic acid occurs as a very highly polymerized 
molecule, ribose nucleic acid is present in cells as a 
relatively small molecule and hence does not give this 
stoichiometric reaction with methyl green. While 
this assumption may be true of aged and differentiated 
cells, it is not entirely correct for plant meristematic 
cells, in which some of the ribose nucleic acid may 
also be polymerized sufficiently to give this reaction ; 
for this reason we have used Kurnick’s methyl green 
method in conjunction with treatment with deoxy- 
ribonuclease, acting in the presence of a protease 
inhibitor®, to locate deoxyribose nucleic acid. It 
should be noted that many popular fixatives and 
treatments apparently depolymerize the ribose 
nucleic acid, thus removing from it this property of 
binding methyl] green. 

A third method of studying the cellular distribution 
of nucleic acids is by ultra-violet absorption micro- 
scopy. Maximal absorption at about 2600 A., the 
absorption maximum of both the nucleic acids, does 
not allow differentiation between ribose nucleic acid 
and deoxyribose nucleic acid, and, if not supported 
by other evidence, must be interpreted with con- 
siderable caution’. 

In our study of the distribution of nucleic acids in 
cells of plant root meristems, and in particular in the 
roots of Vicia faba, we have been unable to use the 
Feulgen reaction because the cytoplasmic particles 
of these cells are readily destroyed by the acid 
hydrolysis, and clearly it would have been absurd to 
discuss the localization of substances in cells in which 
important structures have been destroyed. It has 
also been found that the cytoplasmic granules are 
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easily disintegrated by other treatments which mipiit 
have been considered much less drastic than hyd: »- 
lysis with hot acid. Thus, in cells fixed in neut:al 
formalin, these organelles are lost when the pH is 
lowered to about pH 5, so that after such fixation 
Kurnick’s methyl green reaction had to be performed 
in acetate buffer at pH 6 instead of the custom xry 
pH 4:2. ; 

We have found a constant correlation in the rot 
meristem cells of the broad bean, treated with various 
techniques, between preservation of cytoplasiic 
granules and paucity of nuclear absorption at 2650 A., 
and of nuclear basophilia. Techniques which have 
been found suitable for demonstrating this include 
living preparations’*, the polyvinyl alcohol—pectinase 
method’®, neutral ‘Formalin-aquax’!’, the Newcomur 
Zirkle procedure’, and freeze-drying. In the first 
two procedures the cells are studied whole in squash 
or smear types of preparation, whereas in the last 
three they are examined in sections. On the other 
hand, when the cytoplasmic granules are destroyed, 
the nucleus becomes strongly absorbing at 2650 A. 
and intensely basophilic. This effect may be produced 
by destroying the granules (for example, by treat- 
ment with hot acid) in preparations made by any of 
the above methods, by fixation in acetic alcohol and 
either embedding in paraffin or separating the cells 
in hot hydrochloric acid, or by fixing the roots in hot 
45 per cent acetic acid. 

When cells containing well-preserved cytoplasmic 
granules are stained overnight with purified methy! 
green at pH 6 and then washed in buffer at the same 
pH for several hours, only the granules and nucleoli 
retain the stain appreciably, suggesting that these 
sites alone contain polymerized nucleic acid. Thus 
the resting nucleus, apart from the nucleolus, does 
not retain the stain. The colour of the stained 
structures is blue-green, quite unlike the vivid green 
usually produced by the reaction of this dye with 
cellulosic or lignified structures. If, however, the 
granules are destroyed by gentle treatment which 
should have less effect on the polymerization of 
nucleic acid than hydrolysis in hot acid (for example, 
by changing the pH to 4), it is the nucleus and 
nucleolus which retain the stain, indicating that the 
polymerized nucleic acid has become attached to 
these structures. If the intact cytoplasmic granules 
are treated with deoxyribonuclease in the presence of 
a protease inhibitor, they lose all or most of their 
ability to retain methyl green. Furthermore, 
nucleolar basophilia and absorption at 2650 A. are 
lost after the cells have been treated with normal 
hydrochloric acid at 60° C. for 6 min., which removes 
ribose nucleic acid from root meristem cells. 

It has been shown® that if living cells are treated 
overlong with commercial pectinase the granules are 
reduced in number while the nucleus becomes more 
refractile and increases in density when viewed with 
stopped-down green illumination, indicating that 
material has diffused into the nucleus. We have 
checked that this change of refractivity is not due to 
light being lost from the system by scatter, etc. (for 
example, apparent absorption at 3100 A. remains 
small). A similar effect has often been observed by 
us when living cells, separated by the pectinase tech- 
nique, are mounted in Tyrode solution which has 
been diluted four times with distilled water. Samples 
of nuclei photographed at 2650 A. after such diffusion 
has taken place, when compared with samples photo- 
graphed before the change, suggest a three- to five- 
fold increase in absorption at this wave-length. A 
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similar result has also been seen in cells prepared in 
other ways. 

We have now followed this change while it occurred 
in one cell. The bean root had been treated by the 
pectinase method for separating living cells*, macer- 
ated in distilled water, and photographed immediately 
at 2650 A. Diluted Tyrode solution was added to the 
side of the coverslip and almost immediately the 
interphase nucleus, viewed in green light, began to 
darken. Serial photographs taken at 2650 A. at three 
intervals after the addition of dilute Tyrode solution 
showed @ progressive increase of nuclear absorption 
at this wave-length. This has been confirmed by 
microphotometry. Of particular interest, however, is 
the fact that while the nucleolar absorption at 
2650 A. in the first photograph is considerably higher 
than that of the rest of the nucleus and of the cyto- 
plasm, it becomes progressively masked by the rising 
absorption of the rest of the nucleus although the 
nucleolus neither lost absorption nor altered in size. 

Thus a transfer of absorbing material has been 
recorded in one cell in which the cytoplasmic granules 
were disintegrating, the interphase nucleus having 
been seen to change from a poorly absorbing body to 
one which absorbed very strongly at 2650 A. To this 
observation may be added the results with methy] 
green which suggest that at least much of the 
deoxyribose nucleic acid is cytoplasmic when the 
cytoplasmic organization is intact, but nuclear when 
these granules are disturbed. It has been shown 
previously’* that the destruction of these granules 
does not necessarily cause the absorbing material to 
shift from the cytoplasm to the nucleus. Thus suit- 
able treatment with acetic alcohol leaves the inter- 
phase nucleus weakly absorbing, although when such 
cells are heated at 60° C. in normal hydrochloric acid 
for 6 min. the absorption of the nucleus increases 
several-fold. It is for this reason that the cytoplasmic 
localization of deoxyribose nucleic acid cannot be 
demonstrated by the Feulgen reaction which not only 
destroys the granules but also, as in this case, causes 
a shift of the freed deoxyribose nucleic acid (or 
deoxyribose nucleic acid-protein) into the nucleus. It 
is important to note, however, that this change of 
cytoplasmic to nuclear localization is observed only 
in these plant root meristem cells ; it is not found in 
other proliferating cells such as those of the staminal 
hairs of T'radescantia, in which there are no large 
cytoplasmic granules of the type found in the root 
meristem cells. Since these granules comprise the 
mitochondria and similar organelles, it seems reason- 
able to assume that the cells which contain such 
bodies are capable of considerable synthetic activity, 
whereas those which do not possess these structures 
are less active metabolically and also show a different 
localization of all or most of the deoxyribose nucleic 
acid. 

At first sight these findings seem to contradict 
many well-established ideas concerning the chemical 
nature of the gene and the nucleic acid cycle in 
mitosis, but this is not necessarily so. For example, 
no evidence has been presented to show that there 
is no deoxyribose nucleic acid in the interphase 
nucleus ; absolute measurement is made difficult by 
the over- and under-lying cytoplasm and by the 
apparent accumulation of ultra-violet-absorbing cyto- 
plasmie bodies close to the nuclear-cytoplasm 
boundary. Furthermore, Darlington™ has stated 
clearly that although maximum attachment of the 
deoxyribose nucleic acid to the chromosomes corre- 
sponds to maximal spiralization, that is, at meta- 
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phase, “At the other extreme, within the resting 
nucleus, they [the chromosomes] are uncoiled and 


relatively free from nucleic acid”. The present 
investigation provides no information about the 
attachment of the nucleic acid to the mitotic chromo- 
somes. Furthermore, since the evidence offered in 
the present communication depends on cytochemical 
results, the possibility cannot be excluded of the 
presence on the granules of some basophilic, ultra- 
violet-absorbing substance which is removed by 
deoxyribonuclease but which is yet distinct from 
deoxyribose nucleic acid. This could be examined by 
biochemical procedures only if they could be shown 
not to disturb the delicate cytoplasmic structures, 80 
causing the same artefacts as are discussed above. 
The results described above, however, emphasize 
certain points. First, in actively synthesizing cells it 
is possible that some, if not most, of the deoxyribose 
nucleic acid is cytoplasmic, even if it is only partly 
synthesized or stored there; at least it should not 
be treated as axiomatic that all deoxyribose nucleic 
acid must be in the nucleus. Secondly, it follows 
from this that the Feulgen reaction, in plants if not 
in other organisms, is of little cytochemical value 
unless the final preparation compares favourably with 
living cells ; this is likely to be true only if there are 
no structures present in the cell which both contain 
deoxyribose nucleic acid and are destroyed at a pH 
below about pH 5. Thirdly, it may be as well to 
accept with caution the assumption that the gene is 
necessarily composed of deoxyribonucleoprotein. At 
least it may be argued that other evidence of the 
gene-nature of this complex is required before the 
gene is actually defined in terms of deoxyribonucleo- 
protein. Similar conclusions, based largely on other 
observations, have been discussed previously’*. The 
present communication is a summary of experiments 
conducted during the past four years and 4 full 
account of the results will be published elsewhere. 
This work owes much to the specialized advice on 
the various facets of the problem and the encourage- 
ment which we have received. In particular, we wish 
to acknowledge our gratitude to Prof. J. T. Randall, 
who has made this research possible and whose 
encouragement has greatly assisted us, and to Dr. 
H. B. Fell, for her frequent kind and valuable advice. 
We are grateful to Prof. J. F. Danielli, Dr. C. D. 
Darlington and Prof. J. Brachet for helpful discussions 
and for advising us with regard to the manuscript, 
and to Sir Rudolph Peters for his encouragement in 
the work. We wish to express our gratitude to Dr. 
M. H. F. Wilkins for his advice on biophysical 
problems, and to various of our colleagues at King’s 
College for their help and friendly discussions. We 
are indebted to the British Empire Cancer Campaign 
(J. C.) and the Rockefeller Foundation (K. P. N.) for 
grants which have enabled this work to be done. 
[Dec. 15. 
1 Chantrenne, H., “Biogenesis of Protein’, Int. Biochem. Congress, 
Paris (1952). 
* Muller, H. J., Proc. Roy. Soc., B, 184, 1 (1947). 
* Lhotka, J. F., and Davenport, H. A., Stain Tech., 26, 35 (1951). 
* Kurnick, N. B., Exp. Cell Res., 1, 151 (1950). 
* Jacobson, W., and Webb, M., Ezp. Cell Res., 3, 163 (1952). 
*Chayen, J., Soc. Exp. Biol. Symposia, 6, 290 (1952). 
"Chayen, J., Nature, 164, 930 (1949). 
*Chayen, J., Nature, 170, 1070 (1952). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


A New Procedure for Correlating the 
Structure of Glycosides 


WHEN & sugar glycoside is oxidized with periodate, 
the ring is severed and a dialdehyde is formed’. In 
the case of pyranosides, cleavage is accompanied by 
the elimination of the —CH(OH)— group at C, as 
formic acid, whereas in the cleavage of pentofurano- 
sides no formic acid is formed. The elucidation of 
this reaction by recognition of the dialdehydic char- 
acter of the periodate oxidation product! and an 
extensive study of the corresponding dibasic acids 
and their salts have enabled the ring structure of 
glycosides to be determined and have provided a 
simple method for correlating the structure of the 
various glycosides’. 

We wish to report another procedure for correlating 
the structure of glycosides, which consists of the 
reduction, either catalytically (in alcohol at 100° C. 
with 1,500 p.s.i. hydrogen and Raney nickel) or with 
sodium borohydride (in aqueous solution at 25° C.), 
of the dialdehydes formed by periodate oxidation 
and an examination of the corresponding alcohols so 
formed. The dialdehydes (I) from the hexopyrano- 
sides and pentofuranosides give the alcohol (Il), 
while the dialdehydes (IIT) from the pentopyranosides 
furnish the alcohol (IV). Similarly, the dialdehydes 
(V) from the 6-deoxy-hexopyranosides yield the 
alcohol (VI). 
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When the dialdehyde (I) is hydrogenated under 
pressure in the presence of a palladium-charcoal 
catalyst at room temperature, only the aldehydic 
group at C, of the original glycoside is reduced. 

There is only one centre of asymmetry in the 
alcohols II and IV. Consequently, all the «-methy|- 
D-hexopyranosides and all the (-methyl-t-hexo- 
pyranosides should give the same optically active 
alcohol (A). Similarly, all the ®-methyl-p-hexo- 
pyranosides and all the «-methyl-t-hexopyranosices 
should furnish the same optically active alcohol (B) 
which is the enantiomorph of A. The same relation- 
ship should exist among the alcohols (IV) produced 
from the «- and the 6-methyl-p- and L-pentopyrano- 
sides. Experiments carried out on the glycosides of 
D-glucose, D-mannose, D-galactose, D-xylose and 
L-arabinose have shown that these relationships do 
actually hold true. 

The alcohols represented by the general formule 
II, IV and VI, which can be produced in almost 
quantitative yield, are colourless fairly mobile 
liquids and they can be distilled in vacuo with- 
out decomposition. The enantiomorphic alcohols 
(II) obtainable from the hexopyranosides and p nto- 
furanosides give the corresponding enantiomorphic 
tribenzoates, melting point 66°, [a]j° + 21° and 
— 21° (ethanol), and the tris-p-nitrobenzoates, melt- 
ing point 110°, [a]%° + 24° and — 24° (chloroform). 
The enantiomorphic alcohols (IV) from the dialde- 
hydes (III) furnished by the pentopyranosides yield 
the enantiomorphic is p-nitrobenzoates, melting 
point 113°, [«]3° + 10° and — 10° (chloroform). The 
diasteroisomeric alcohols corresponding to (VI) from 
the aldehydes (V) provided by the 6-deoxy-hexo- 
pyranosides have been characterized as bis p-nitro- 
benzoates. The structures of the alcohols represented 
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by the formule II and IV have been established by 
acid hydrolysis and identification of the fragments, 
namely, glycerol (from IT}, ethylene glycol (from IV) 
and glycollic aldehyde (from II and IV). Confirma- 
tion of these results has been obtained from experi- 
ments carried out with the benzoyl and p-nitrobenzoyl 
derivatives of the alcohols. 

Proof of the structure of the alcohols represented 
by VI may be illustrated by reference to that obtained 
from «-methyl-L-rhamnopyranoside. This particular 
alcohol affords upon hydrolysis glycollic aldehyde 
(2,4-dinitrophenylhydrazone, melting point 86°) and 
an optically active 1,2-propanediol (bis p-nitro- 
benzoate, melting point 109°, [«]3* + 48-5° (acetone) ), 
which proved to be identical with that obtained from 
L (dextro)-lactic acid and its methyl ester by re- 
duction with lithium aluminium hydride. 

We have also found that reduction of aldehydes, 
formed by periodate oxidation of glycosides, is also 
applicable to oligosaccharides. Thus §-methyl malto- 
side has given VII whereas sucrose has afforded VIII. 

Furthermore, the fact that the latter, which con- 
tains only one asymmetric carbon atom (C, of the 
original D-glucose moiety), has a negative rotation 
shows that in sucrose the anomeric linkage at the 
glucose residue is of the a-type, inasmuch as all 
alcohols of the type represented by II (an 
analogue of VIII) derived from «-alkyl-p- 
glucopyranosides have a negative rotation, 
whereas all those derived from f-alkyl-p- 
glucopyranosides have a positive rotation. 

Further details of this work will be published 


later. 
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M. Aspen AKEER F. SmitTH 
J. E. Caporre J. W. Van CLEVE 
R. MontTGOMERY Bertoa A. LEwis 
Division of Agricultural Biochemistry, 
University of Minnesota, 
St. Paul, Minnesota. Aug. 28. 
‘Fleury, Herissey and Joly, J. Pharm. Chim., 20, 149 (1934). 
"eaioes poe Jackson, J. Amer. Chem. Soe., 58, 378 (1936); 59, 994 


A New Synthesis of 2-Deoxy-D-ribose 


Ir has long been a matter of interest to synthesize 
2-deoxy-pD-ribose, @ component sugar of deoxyribo- 
nucleic acid, and several methods have been reported}. 
We wish to communicate some results which we 
obtained recently. 

p-Arabinose was converted into ribulose by heating 
it in pyridine*. Ribulose isolated as its o-nitropheny] 
hydrazone was reduced as such with Raney’s nickel 
catalyst to the 2-deoxy-2-amino-pentitols, the crys- 
tallization of which failed. The amino-alcohols were 
converted into deoxy-pentose by treatment with 
nitrous acid. The course of the reaction may be inter- 
preted as a sort of ‘semipinacolinic deamination’®. 
2-Deoxy-D-ribose was isolated as its benzylphenyl 
hydrazone melting at 125-5-126-5° C., [a]p being 
~ 15-25°. The overall yield was about 3 per cent. The 
whole course of the reaction is represented as follows : 
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We are indebted to Prof. K. Makino and Mr. K. 
Ohta, of the College of Medicine, Kumamoto Univer- 
sity, for an authentic specimen of deoxyribose, and 
we are grateful to Prof. S. Akabori, of the Coliege of 
Science, Osaka University, for his suggestions and 
encouragement. 

Y. MaTsusHIMA 
Y. IManaGa 
Department of Chemistry, 
Women’s University, Nara. Oct. 25. 


' Sowden, J. C., J. Amer. Chem. Soc., 71, 1897 (1949). Kent, P. W., 
Stacey, M., and Wiggins, L. F., J. Chom. Soc., 1232 (1949). Overend, 
W. G., Stacey, M., and Wiggins, L. F., J. Chem. Soc., 1358 (1949). 
Ohta, K., J. Biochem. (Japan), 88, 31 (1951). Hough, L., Chem. 
and Indust., 406 (1951). 

? Glatthaar, C., and Reichstein, T., Helv. Chim. Acta, 18, 80 (1935). 

* Matsushima, Y., Bull. Chem. Soc. Japan, 24, 144 (1951). 


Transglucosylation of Aromatic N-Glucosides 


AuTHOoUGH the transglucosylation of O-glucosides 
is not very practicable and has been described 
hitherto only in isolated cases', the same mechanism 
appears in the case of N-glucosides of primary 
aromatic amines and seems to be fairly easy and to 
proceed according to the reaction : 


Ar’—NH, > 
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“._-.NH—CH—(CHOH),—CH—CH,OH + Ar—NH,. 
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The first example of this reaction was given in 1936 
by R. Kuhn and A. Dansi’*, who in this way prepared 
nitroxylidine-glucoside from p-toluidine-glucoside, 
but the yield was very low. In 1948, J. Inoue and 
K. Onodera described two further reactions, namely, 
the preparation of aniline-glucoside and m- or 
p-nitraniline-glucoside from p-toluidine-glucoside ; 
however, the description of the latter seems to me 
doubtful (“white tabular crystals (?), m.p. 120—-122°, 
of aniline N-p-glucoside’’*). 

Since this process appears to be of significance 
both from the chemical and biochemical points of 
view, we have made detailed investigations of the 
conditions and mechanism of the reaction. Our 
conclusions can be summarized as follows : 

(1) The reaction is dependent upon pH. 

(2) It is in certain circumstances reversible (see 
examples 4-5, 6-7 and 8-9 in the accompanying table). 

(3) The reaction will proceed to completion in 
solvents such as methyl alcohol and ethyl alcohol 
in a few minutes at low temperature with very 
satisfactory yields; Inoue and Onodera heated the 
reaction mixtures for eight hours. We find that 
application of heat serves only to speed up the solu- 
tion of the starting reactants. 

(4) The reactions in absolute alcohols leave little 
doubt that the process is really transglucosylation 
rather than hydrolysis followed by redistributive 
reglucosylation. This conclusion is confirmed by the 
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Reactants Product Solvent | Catalyst Yield | 
L (per cent) 
(1) “ee ae + sulphanilamide Sulphanilamide-N*-glucoside abs. ethyl alcohol abs. aa 4 | 
mo. is - conc. HC | 
(2) ok xi + p-nitraniline p-Nitraniline-glucoside a poet a : abs. aa ‘ 1 
1% methyl alcoho! conc. HC 3 
(3) yen ee p- p-Nitraniline-glucoside 87% methy!] alcohol conc. HC] 57 
e mo 
(4) m- eee, PE + p- 4 p-Nitraniline-glucoside abs. methyl alcohol abs. ac be | 
nitraniline (1-1 and 1-5 mol. a ” » cone, 
(5) eo parent - m- m-Nitraniline-glucoside abs. ethyl alcohol abs. HCl 58 | 
traniline mol 
-(6) —— ete + sulphanil- Sulphanilamide-N *-glucoside abe. ethyl alcohol abs. aC 4 
amide mol. 6% conc. HC ) 
(7) yy lucie + m- m-Nitraniline-glucoside pod ethyl alcohol conc. HCl 79 
ni ne (2 mol. | 
(8) p-Xitailine humid + sulphanil- Sulphanilamide-N*-glucoside abe. ethyl alcohol abs. acl 7 
amide mol a ten a conc. , 72 
(9) er my gem + p- p-Nitraniline-glucoside oe methy! alcohol conc. HCl 92 
nitraniline (2 mol 
(10) p- ee ey et ?- p-Nitraniline-glucoside 83% methyl alcohol conc. HC] | 67 
nitraniline mo 
(ll) e- ioe + sulph- Sulphanilamide-N *-glucoside abs. ethyl alcohol abs. ed = 
anilamide mol Ba eae conc. Y 
(12) Boca om tp pit pee Ty + p-Nitraniline-glucoside abs. — oa ohol abs. = S 
p-nitraniline (1-5 and 2 mol. conc. ; | 
(13) p-Aminosalicylic acid-N-glucoside + Sulphanilamice-N*-glucoside 96% ethyl alcohol conc. HC] | 89 
sulphanilamide (2 and 1 mol.) bie « se NH,CI | 83 
(14) a@-Aniline tetra-acetyl-glucoside + Sulphanilamide-N‘-tetra-acetyl abs. ethyl alcohol abs. HC] | 56 
sulphanilamide (1-2 mol.) glucoside (isomeric mixture) 
(15) #-Aniline tetra-acetyl-glucoside + Sulphanilamide-N‘-tetra-acetyl- abs. ethyl alcohol abs. HC] | 60 
sulphanilamide (1 mol.) glucoside (isomeric mixture) | 








fact that the transformation of p-aminosalicylic 
acid-N-glucoside into sulphanilamide-N*-glucoside 
will proceed at @ considerably higher velocity than 
the formation of the corresponding glucoside from a 
mixture of p-amino salicylic acid, sulphanilamide 
and glucose under the same conditions. It should be 
noted, however, that water at a concentration of 
less than 5 per cent will not, in most cases, influence 
formation and yield of the product and the velocity 
of transglucosylation. However, in special cases the 
presence of water is advantageous on account of the 
crystallization and separation of the products from 
the mixture. The solubilities of the components 
evidently play a very important part in these re- 
actions. 

(5) In the examples described in the table, the 
amines were used in about 1 or 2 mol. excess. In 
the reversible reactions, we never used more than 
2 moles of amines. 

(6) We find that not only the free glucosides but 
also the tetra-acetylglucosyl derivatives can be sub- 
jected to transglucosylstion. Sulphanilamide-N*- 
tetra-acetylglucoside could be prepared from aniline- 
tetra-acetyl-glucoside both from a mixture of the 
«,8-isomers and from the pure a- or f-isomer. An 
isomeric mixture was obtained which was almost 
identical with that obtained from sulphanilamide and 
tetra-acetylglucose or acetobromglucose respectively‘. 

The transglucosylations indicated in the table have 
been accomplished. 

Detailed description of the experiments will appear 
elsewhere. We thank the Hungarian Academy of 
Science for assistance in this investigation. 

R. Boendr 
Institute of Organic Chemistry, ipa 
University, Debrecen, 


Hungary. Aug. 25. 
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* Inoue, Y., and Onodera, K., J. Agric. Chem. Soc. Japan, 22, 119 
(1948); Chem. Abstr., As: 9481 (1951). cf. Honeyman, J., and 
Tatchell, A. R., J. Chem. Soc., (1950). 


* Bognér, R., and N&ndsi, P., J. Chem. Soc. (in the press). 


Demonstration of Transaminase Systems 
in the Alga Chlorella 


As part of a programme of study of the nitrogenous 
metabolism of the alga Chlorella being undertaken 
in this department, it was considered desirable to 
obtain evidence for the presence or absence of trans- 
aminase systems within the organism, and to evaluate 
the relative activities of any such systems found to 
be present. The o i used was a strain of 
Chlorella vulgaris identical with that used in the ex- 
periments described by Syrett and Fowden!. 

Preliminary experiments had shown that large 
amounts of material are often required to demonstrate 
metabolic processes in Chlorella, even though micro- 
methods may be used for their investigation. For 
this reason the alga was grown in @ 10-lit. ‘Pyrex’ 
aspirator, containing 8 lit. of medium similar to that 
used by Syrett and Fowden and illuminated by four 
vertical, equally spaced 40-watt fluorescent tubes. 
The temperature was that of the laboratory, varying 
in the range 15-22° during the course of the experi- 
ment. The medium was aerated with air plus 0-5 per 
cent carbon dioxide, the total gas flow being approx- 
imately 100 lit./hr. This vigorously stirred the large 
volume of liquid, e ing that all the cells were 
intermittently exposed to the light at the edges of 
the culture, even when penetration of light into the 
bulk of the culture was reduced to a very low level 
at the later stages of growth. The medium was in- 
oculated with 20 ml. of an actively growing Chlorella 
suspension growing in the same medium but contain- 
ing in addition 1-0 per cent glucose. Growth was 
continued for six to seven days after inoculation. 

The alga was harvested by centrifuging at 950 9 
for 5 min. The centrifuged cells were then washed by 
repeated centrifuging from distilled water and finally 
resuspended in 30-40 ml. of M/15 phosphate buffer 
(pH 7-5). This two-hundredfold concentration 
ensured a thick active suspension of cells. Their 
density was approximately 4 million/mm.’. 

Preparation of a concentrated, cell-free extract. The 
concentrated suspension of cells was subjected* to 4 
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shearing strain of 20,000 lb./sq. in. This disrupted 
most of the cells, and a cell-free extract was obtained 
by removing unbroken cells and cell debris by centri- 
fuging at 1,100 g for 30 min. The dark green, slightly 
turbid supernatant liquid was decanted and stored 
while the separated solid matter was discarded. In 
order to remove the free amino-acids already present 
in the extract, it was dialysed for 24 hr. at 4° C. in 
a collodion bag against a slow stream of M/15 phos- 
phate buffer (pH 7-5). 

The presence of transaminase systems in the extract 
remaining in the dialysis sac was then demonstrated 
as follows. The transamination systems investigated 
were those catalysing the transfer of amino-groups 
from various amino-acids to either pyruvic or a-keto 
glutaric acid. Eight amino-acids were used, including 
those that might be expected to be most active in 
transamination systems. The limited amount of ex- 
tract available precluded the use of all the naturally 
occurring amino-acids. Oxalacetic acid was not used 
as an amino-group acceptor for this same reason, 
together with the fact that under the experimental 
conditions used it rapidly undergoes conversion to 
pyruvic acid, so giving anomalous results. 

The pH at which the extract was buffered (7-5) has 
been demonstrated to be optimum for several trans- 
aminase systems in Neurospora crassa*. Trans- 
aminations catalysed by the Chlorella extract were 
demonstrated by following the production of glutamic 
acid or alanine formed from a-keto glutarate or 
pyruvate respectively, by means of chromatography. 
0-5 ml. of the extract was pipetted into each of six- 
teen tubes. To each of eight of these, 0-25 ml. of 
M/10 sodium pyruvate was added, while 0:25 ml. of 
sodium a-keto glutarate was added to each of the 
other eight. Finally, 0-25 ml. of an M/10 l-amino- 
acid was added to each tube. Glutamic acid was not 
added to a-keto glutarate, nor was alanine used with 
pyruvate. Instead, 0-25 ml. of buffer was added, 
and these tubes then constituted the controls upon 
which the changes in the concentrations of glutamic 
acid and alanine could be based. A duplicate set of 
sixteen tubes was also prepared, one set being in- 
cubated at 25° C. for 3 hr. and the other for 24 hr. 
At the end of the incubation periods the reactions 
were stopped by the addition of 2 ml. of absoiute 
alcoho] to each tube, followed by slight warming. 
This precipitated the proteins and stopped all enzyme 
action. 

After settling of the precipitates, 60 ul. of the 
clear supernatant was withdrawn from each tube in 
turn and applied as a spot to a sheet of Whatman 
No. 4 filter paper in the normal way. The chromato- 
gram was developed for 24 hr. in phenol-ammonia, 
and, after drying, the amino-acids were located by the 
usual ninhydrin treatment. The relative amounts of 
glutamic acid and alanine formed from the respective 
keto-acid from different amino-acids were estimated 
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a-Keto glutarate added Pyruvate added | 
a-Amino-acid 
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* Glycine was not added to a-keto glutarate. 
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by comparison of spot sizes and intensities. The 
accompanying table summarizes the results obtained ; 
the maximum amount of transamination found for 
any amino-acid was not considered to represent more 
than 20 per cent of the /-amino-acid originally added. 

From an inspection of the table it is seen that in 
Chlorella those transamination systems involving 
either aspartic acid, glutamic acid, or alanine are 
the most active. These conclusions agree very well 
with those obtained in other work using higher plants 
or animal tissues. 

Thanks are due to Dr. L. Fowden and Mr. P. J. 
Syrett for their helpful advice and criticism, and to 
Prof. W. H. Pearsall for his interest in the work. 
The work was carried out with the aid of a grant 
from the Department of Scientific and Industrial 
Research. 

J. W. MILLBank 

Botany Department, 

University College, 

London, W.C.1. 
Oct. 3. 
* Fowden, L., and Syrett, P. J., Physiologia Plantarum, §, 558 (1952). 
eae > W., Lawrence, N. 8., and French, C. 8., Science, 111, 633 


* Fincham, J. R. S., Nature, 168, 957 (1951). 
‘Street, H. E., “Advances in Enzymology’, 9, 391 (1949). 


Controlling Effect of Salts on the Activity 
of the Cytochrome Oxidase 


Accorp1nG to the theory of anion respiration!, the 
activity of the cytochrome system is controlled by 
the activity (concentration) of movable salt anions 
in the surroundings. With the aid of a new spectro- 
photometric technique it has been shown that in 
living wheat roots the oxidation reduction balance 
of the cytochromes a (oxidase), c and 6 is moved 
towards a higher state of oxidation by a change of 
the medium from distilled water to salt solutions 
(potassium chloride or nitrate, calcium nitrate, etc.). 
On removal of the salts the cytochromes revert to a 
more reduced state. From the automatic recording 
of the time-course of the phenomena, it was clearly 
shown that the change in the oxidation—reduction 
balance of the cytochromes starts simultaneously 
with the absorption of the salt ions. The funda- 
mental fact that the coenzymatic effect is exerted 
by salt anions was established by earlier investiga- 
tions on the effect of salts on the cyanide-sensitive 
part of respiration®?. It was shown that this part of 
respiration is enhanced only if anions are absorbed ; 
absorption of cations only had no effect on it. 

Measurement of the reaction kinetics of the 
cytochrome system of wheat roots shows an electron 
transference from a dehydrogenase system (DH = 
succinic dehydrogenase) to oxygen along the potential 
ladder DH ~ b ~c ~a —~O,. According to the 
theory, an electron cannot be transferred from one 
molecule to another unless the same quantity of 
electricity is moved in the opposite direction in the 
form of a movable anion. As regards roots, oxygen 
and anions are provided from the medium. The 
cytochrome oxidase is most probably present in the 
surface of the protoplasm! and catches anions 
simultaneously with the delivery of electrons to the 
oxygen molecules. By a similar exchange between 
anions and electrons the former are successively for- 
warded to the end of the potential ladder. As each 
step of the chain requires the presence of anions as 
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coenzymes, it will be theoretically possible to demon- 
strate this activity factor at any of the isolated steps. 
Technically, the sequence cytochrome c — cytochrome 
oxidase — oxygen is quite simple, because in homo- 
genized roots the normal anion respiration is rapidly 
brought to a standstill, whereas the oxidase remains 
active as shown from its rapid oxidation of added 
reduced cytochrome c. The following experiment 
may serve as an illustration. 

100 mgm. dry weight of wheat roots from desalted 
seedlings three weeks old was ground in a porcelain 
mortar after adding 10 c.c. distilled water. 1-5 c.c. 
of this preparation was added to a solution of 0-02 per 
cent cytochrome ¢c (‘Sigma’), reduced with some 
dithionite and afterwards aerated. The oxidation was 
followed spectrophotometrically by observing the de- 
crease of the difference in extinction between the wave- 
lengths 550 and 560 my. After 5 min., 41 per cent 
of the cytochrome was oxidized. If 0-1 _M potassium 
chloride was added to the preparation, 73 per cent 
of the cytochrome was oxidized in 5 min. Controls 
with 0-001 M hydrogen cyanide showed no oxidation. 
The figures correspond to an oxidation of 1-07 ugm. 
iron per hr. per 10 mgm. in the desalted material 
and an oxidation of 1-70 ugm. iron after addition of 
potassium chloride; thus there was an increase of 
64 per cent due to the salt effect. Similar results were 
obtained with potassium nitrate. Desalting can also 
be brought about by treatment with anion-absorbing 
resin. 

Simultaneous spectroscopic measurements on living 
roots showed a quantity of 3 x 10-*umol. cytochrome 
oxidase per 10 mgm. dry weight. In the presence of 
salts, this quantity oxidized 1-7 umol. iron in | hr., 
corresponding to @ turnover number of c. 1,000 per 
min. In the absence of salts this number decreases 
to c.°600; but this is, of course, not @ minimum value 
because salts are always to some extent still present 
in ‘desalted roots’ (cf. ref. 2). In other experiments 
the activity of the preparations nearly equalled the 
normal activity of living roots, showing! a turnover 
number of c. 1,700 per min. at 19° C. The roots used 
for these experiments showed an active salt absorp- 
tion from 0-0005 M potassium chloride of 0-82 umol. 
chlorine per hr. per 10 mgm., corresponding to 
Qan/Qo, = c. 0-9 if calculated from the directly 
determined oxidase activity. This value is quite in 
accord with determinations of the anion respiration 
of living roots (see ref. 2). ; 
H. LUNDEGARDH 
Institute of Plant Physiology, 

Uppsala 7. Dec. 29. 


1 Lundegardh, H., Nature, 169, 1088 (1952); Ark. f. Kemi (Swed. 
Acad. Sci.), 5, No. 7 (1952), No. 12 (1953); and earlier papers. 


2 Lundegardh, H., Ann. Agric. Coll. Sweden, 16, 372 (1949); and 
earlier papers. 


Acetic Acid in Fresh Grass 


EXPERIMENTS carried out in these laboratories’ on 
the formation of volatile fatty acids in grass/water 
slurries showed that, whereas butyric and propionic 
acids were formed after the primary production of 
lactic acid had been stabilized, acetic acid was pro- 
duced even before the lactic fermentation began. It 
is, of course, well known that acetic acid is formed 
during the silage fermentation, but it seemed sur- 
prising that it should be formed so speedily. 

An examination of a slurry which had been standing 
for two hours showed that appreciable amounts of 
acetic acid were even then present, although tests 
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for lactic acid by the p-hydroxy dipheny] test!-* gaye 
negative results. 
It was decided to experiment with fresh grass 
juice ; for this purpose, samples of grass obtained 
from a plot adjoining the laboratory were immediately 
minced and the product squeezed through a linen 
cloth which had been washed in hot water and then 
dried. The grass juice was subjected to steam distilla- 
tion according to the procedure of Scarisbrick! to 
isolate the total volatile fatty acids, and the distillate 
was submitted to gas chromatography according to 
the technique of James and Martin’. A definite yicld 
(about 8 mgm. per cent of the grass dry matter) was 
obtained on each occasion, but no other lower fatty 
acid in the C,-C,, range was isolated. ; 
So far as we are aware, such a finding has not 
previously been reported in the literature, and all 
that may be concluded at this stage is that acetic 
acid is present, either free or in a state of loose com- 
bination, in the grass. It is possible that it forms an 
intermediate in the tricarboxylic acid cycle. 
A. J. G. BARNET? 
R. E. B. Duncan 

Division of Agricultural Biochemistry, 

Department of Biological Chemistry, 

University of Aberdeen. 
Sept. 18. 

* Barnett, A. J. G., and Duncan, R.E. B., Biochem. J., 52, xvii (1952). 

* Barker, 3. B., and Summerson, W. H., J. Biol. Chem., 138, 535 (1941), 

* Barnett, A. J. G., Biochem. J., 49, 527 (1951). 

* Scarisbrick, R., Biochem. J., xxxiv (1952). 

* James, A. J., and Martin, A. J. P., Biochem. J., 50, 679 (1952). 


Hatching Responses in Root Eelworms 
(Heterodera spp.) 


REsvtts of recent investigations on larval emerg- 
ence from cysts of root eelworms (Heterodera spp.) 
when exposed to plant root diffusates (using the 
methods evolved by Fenwick for potato root eel- 
worm?!?}4) are summarized below. 

Beet, potato and carrot root eelworms behaved 
normally in that they responded only in diffusates 
from hosts and from invaded plants. Cabbage root 
eelworm responded well in diffusates from hosts be- 
longing to the genus Brassica, but did not respond 
to other cruciferous hosts or to non-hosts. Galeopsis 
and clover eelworms gave little or no response in 
diffusates from typical hosts, but responded readily 
to pea root diffusate. Hop eelworm responded to 
diffusates from three hosts, hop, hemp and small 
nettle (Urtica urens), and from the related plant 
Parietaria diffusa. Negligible responses in host and 
non-host diffusates were obtained with pea and oat 
root eelworms. 

From the above findings, it seemed that a measure 
of success might be obtained in quantitative estima- 
tion of mixed populations of Heterodera species by 
exposing the cysts to a succession of plant root 
diffusates. In preliminary experiments of this nature 
reliable estimates (in terms of ‘hatchable’ larvze) were 
obtained for a mixed soil population of beet, cabbage 
and Galeopsis eelworm cysts (see graph). A limitation 
of the method is that it is not applicable to those 
species which do not respond to root diffusates, for 
example, pea and oat root eelworms. 

Applying Fenwick’s technique for determining the 
shape of the hatching curve* to some of the above- 
mentioned species, it has been found that in all cases 
investigated (those of beet, cabbage, Galeopsis and 
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sulphonate, and this has 

ro now been developed com- 
pi ennennn “ mercially in the United 
a States. Afterwards, Kirby 


, and McKinlay’, using sum- 


mer eggs of the fruit tree 
red spider mite Meta- 
tetranychus ulmi (Koch), 
and Read and Smith’, 
using eggs of the glass- 
house red spider mite 
Tetranychus telarius L., 
found that 4-chlorphenyl 
benzenesulphonate (CPBS) 
was at least as potent as 
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soils. Meth 
hop eelworms) the curve is very similar to that found 
by Fenwick for potato root eelworm. 
Certain of the plants investigated appear to have 
interesting possibilities for the biological control of 
root eelworms. Thus the root diffusate of the common 
weed swinecress (Coronopus squamatus) stimulates 
larval emergence from beet eelworm cysts and the 
roots are invaded by the larve, but apparently cysts 
are not formed’. The same is true of Solanum nigrum 
and potato root eelworm*®’. Diffusate from the 
urticaceous plant Parietaria diffusa stimulates emerg- 
ence from hop eelworm cysts, but so far cysts have 
not been found on this plant when grown in infected 
soil. Pea diffusate causes a marked hatch of larve 
from Galeopsis and clover eelworm cysts, but the pea 
plant can scarcely be regarded as an efficient host of 
either eelworm. Similarity in the behaviour of these 
two eelworms suggests that they may be one and the 
same species. 
F. G. W. Jones 
R. D. Wrinstow 
School of Agriculture, 
University of Cambridge. 
Oct. 1. 

‘Fenwick, D. W., J. Helminth., 18, 155 (1940). 

* Fenwick, D. W., J. Helminth., 28, 157 (1949). 

‘Fenwick, D. W., J. Helminth., 24, 75 (1950). 

‘Fenwick, D. W., J. Helminth., 25, 37 (1951). 

‘Jones, F. G. W., Ann. App. Biol., 87, 407 (1950). 

' Russell, P. M., Todd, A. R., and Waring, W. S., Biochem. J., 45, 528 

’ Franklin, M. T.,‘*The Cyst-forming Species of Heterodera’’,113 (1951). 


Toxicity of Chlorinated Phenyl 
Benzenesulphonates to Winter Eggs of 
the Fruit Tree Red Spider Mite, 
Metatetranychus ulmi (Koch) 


THE mite ovicidal activity of a number of sub- 
stituted phenyl benzenesulphonates toward the eggs 
of the two-spotted spider mite, T'etranychus bimacu- 
latus Harvey, was examined by Kenaga and Hummer’, 
who found that substitution by bromine or, better, 
chlorine in the para-position in both phenyl rings 
led to compounds of considerable activity. By far 
the most active was 4-chlorphenyl 4-chlorbenzene- 
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especially when applied 
in conjunction with an 
acaricide, can give re- 
markably persistent con- 
trol of the fruit tree red 
spider mite under English conditions, but con- 
siderable damage may occur in a year like 1952 to 
fruits of certain apple varieties, notably Worcester 
Pearmain. 

Apart from dinitrophenols such as DNC and 
dinex, few chemicals so far tested have proved 
highly toxic to both the summer and wirter eggs of 
the fruit tree red spider mite. Eaton and Davies‘ 
found both types of egg susceptible to n-dodecyl 
thiocyanate, azoxybenzene and the dicyclohexy]l- 
amine salt of dinex, but azobenzene was much less 
toxic to the winter than to the summer egg, and 
diphenyl sulphone showed an even greater disparity 
in the same direction. It is therefore of interest 
to record that the toxicities of a number of chlorin- 
ated phenyl benzenesulphonates are very similar 
toward both summer and winter eggs of this mite. 
In 1951, we tested 4-chlorphenyl 4-chlorbenzene- 
sulphonate at 0-1 per cent, formulated with acetone 
(2 per cent), cyclohexylamine dodecyl sulphate 
(0-05 per cent) and sodium di-octyl sulphosuccinate 
(0-02 per cent), using the rearing and dipping tech- 
niques described by Eaton and Davies’, and found 
hatching to be almost completely prevented, even 
fewer eggs hatching than among those treated with 
0-09 per cent diethanolamine salt of dinoseb. 

Laboratory tests on March 12, 1952, were extended 
to phenyl benzenesulphonate and eight chlorinated 
derivatives (several of which appear to be new com- 
pounds), using the same techniques and formulation, 
except that the wetting agent was reduced from 
0-02 to 0-01 per cent. The compounds used and 
their melting points are listed in the accompanying 
table, with the concentrations (which were equi- 
molar), and the percentage mortalities corrected by 
Abbott’s formula using the formulation control 
mortality as base-line. 4-Chlorphenyl 4-chlor- 
benzenesulphonate was also tested at three lower 
concentrations, and the results are included in the 
table. 

It will be seen that four of the nine compounds 
tested possess considerable activity, and that the 
order of toxicity among the first four esters listed is 
similar to that established by Kirby and McKinlay? 
against the summer egg. This possession of winter 
ovicidal activity by promising summer ovicides may 
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* Not previously recorded. 


well prove to be of considerable practical significance 
as regards the time at which they are applied in the 
orchard. In th past, the first application of summer 
acaricides and ovicides has been delayed until the 
hatching of the more resistant winter eggs is com- 
plete, a procedure which involves extremely careful 
timing for maximum effectiveness. It is conceivable 
that, using compounds possessing such well-developed 
activity to both types of egg, an earlier and more 
effective application might be possible. At the same 
time the undesirable effects on developing fruit which 
have been encountered might be avoided. 

A. H. M. Kirrpy 

R. P. Tew 

East Malling Research Station, 
Nr. Maidstone, Kent. 
Dec. 23. 
1 Kerfaga, E. E., and Hummer, R. W., J. Econ. Ent., 42, 996 (1949). 
? Kirby, A. H. M., and McKinlay, K. 8., Rep. East Malling Res. Sta, 
1950, 164 (1951). 
* Read, W. H., and Smith, R. J., Rep. Exp. Res. Sta. Cheshunt 1950, 
40 (1951). 

4 Eaton, J. K., and Davies, R. G., Ann. App. Biol., 37, 471 (1950). 
5 Eaton, J. K., and Davies, R. G., Ann. App. Biol., 37, 92 (1950). 


Effects of Different Water-regimes on the 
Growth of Tomatoes under Glass 


THE relationship between the growth of glasshouse 
crop plants and the level of their water supplies is still 
uncertain. In order to investigate possible effects of 
soil moisture on the rate of growth and yield of 
tomatoes (varieties of Lycopersicum esculentum Mill.) 
under glass, tomato plants have been subjected to 
four different water-regimes for a continuous period 
of about five months with interesting results. During 
that time, the soil moisture in each treatment has 
been allowed to fluctuate only between field capacity 
and a predetermined level of dryness as indicated 
by the moisture tension at a depth of 15 cm. below 
the surface. ; 

A glasshouse was subdivided into twenty-four plots 
by water-proofed brick walls which penetrated into 
the subsoil. Each plot was approximately 210 cm. x 
180 cm. and contained a bed of about 20 cm. of 
coarse sandy loam top soil, overlying about 40 em. 
of slightly heavier, well-drained, cultivated subsoil, 
which in turn rested on massive, well-structured but 
undisturbed Keuper marl. Plots were equipped with 
apparatus for the measurement of soil moisture, in- 
cluding laboratory and commercial models of soil 
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tensiometers, the bulbs of which were buried variously 
at 15 and 45 cm. below the surface. 

Early in March 1952 the beds were thoroughly 
flooded with water, allowed to drain and given a 
normal commercial dressing of base fertilizer. On 
March 31 they were planted up with uniform plants 
of the tomato varieties Ailsa Craig and Single Cross, 
ten plants of each variety being planted in each bed, 
During the next twenty-five days all plants were 
treated similarly and watered individually, until each 
had a well-developed root system. 

On April 25, four different water-regimes were 
introduced and applied consistently for the rest of 
the season, each of the four treatments being ro- 
plicated in six randomized blocks. In each treatmont 
one plot, chosen at random, was used as the key 
plot to control the watering throughout the season 
of that treatment, that is, all six plots were watered 
when the tensiometer bulb embedded at 15 em. depth 
in the key plot recorded a predetermined reading. 
The tensions, chosen arbitrarily, at which it was 
decided to apply water were 7, 15, 30 and 60 cm. 
of mercury for the four treatments respectively. 

The approximate water deficit of each key plot at 
the selected tension was assessed by a rough calcula- 
tion, and on each occasion when a plot was watered, 
sufficient water was applied to make good this deficit 
with the view of wetting the whole bed of soil approx- 
imately to field capacity. The volume of water 
applied per plot at each watering naturally varied at 
different times and from treatment to treatment, 
ranging from as little as 14 litres per plot on the 
wettest treatment early in the season when most of 
the roots were confined to a relatively shallow layer 
of soil, to as much as 318 litres per plot (8-4 cm. of 
water) in the driest plots towards the end of the season 
when the tomato roots had ramified through the 
whole bed of soil. Similarly, frequency of application 
of water varied widely, from almost daily watering 
of the wettest plots to approximately monthly 
applications to the driest plots. 

With regard to other environmental factors, the 
plants were treated according to the rules of good 
husbandry throughout the season. All plots received 
the same total amount of nutrient, which was applied 
in solid form prior to watering and washed in. Treat- 
ments continued until early October, and it may 
thus be claimed that the plants were grown for about 
five months under four different and definable water- 
regimes. 

Data regarding watering and yields are given in 
the accompanying table, in which all the figures refer 





Irrigation data Average yield per plant* 

Ten- Total yield 
sion |} - (incl. green 

} at Total Ripe fruit fruit picked 

Treat- | which amount 

ment | water | times of 

ap- | water| water Ailsa 

plied _ applied | Craig 

(cm. | plied | (cm.) 

Hg) (kgm.) | (kgm.) | (kga.) 

A (Wet) 7 136 53-3 4 2-6 4-2t 

B 15 17 37°8 p 3°38 








Single | Ailsa 
Cross | Craig 





3° 
3° 


3° 
3° 
Cc 30 9 32-0 3- 
D(Dry)| 60 5 31-9 2- 





























* Average of sixty plants for each variety in each treatment. 

t Equivalent to a yield of 86 tons per acre at the spacing of plants 
in this experiment, excluding the space taken by the path down the 
centre of the house. 


Significance at 2 per cent level (P = 0-02) :— 
Ailsa Craig: A and C are significantly greater than C and D 


Tespectively. Single Cross: A and C are significantly greater than 
B and D respectively. 
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to the period from April 25, 1952 (when differential 
watering commenced), to October 4, 1952. 

Since the level of watering was the main variable 
environmental factor under the conditions of this 
experiment, the results suggest that there was a 
strong correlation between the type of water-regime 
under which the plants were grown and the yield 
of ripe fruit produced, the wetter treatments tending 
to produce the higher yields. Other observations 
point to @ similar positive correlation between the 
vigour of vegetative growth and the level of water 
applied. The distribution of roots in the soil was also 
affected by the water-regimes, the zone of greatest 
root development becoming progressively deeper in 
the drier treatments. 

The results are of great interest when compared 
with those of other workers in this field. Martin’ 
(working with Helianthus annuus), Heck* (working in 
Hawaii on sugar cane) and others have found that 
vegetative growth is retarded as moisture tensions 
rise, which is in accord with our own results on 
tomatoes. On the other hand, Singh and Joon, in 
India*, and Molenaar and Vincent, in Washington‘, 
have shown that excessive application of water to 
tomatoes (growing out-of-doors) may reduce the yield 
of fruit. There may thus be an optimum moisture 
regime, in the region of field capacity, for the growth 
of tomatoes under glass. 

We wish to express our appreciation of the help 
given by Mr. D. V. Crawford, of the Department of 
Agricultural Sciences, in connexion with determina- 
tions of soil moisture, pore space, etc. 

J. P. Hupson 
P. J. SALTER 
Department of Horticulture, 
University of Nottingham School of Agriculture, 
Sutton Bonington. Dec. 29. 
‘Martin, E. V., Plant Physiol., 15, 449 (1940). 
*Heck, A. F., J. Amer. Soc. Agron., 26, 274 (1934). 
*Singh, 8. N., and Joon, B. S., Curr. Sci., 19, 182 (1950). 


‘Molenaar, A., and Vincent, C. L., Proc. Amer. Soc. Hort. Sci., 57, 259 
(1951). 
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Use of the Warburg Respirometer to 
study Microbial Activity in Soils 


THE respiratory activity of the micro-organisms in 
samples of soil, determined by estimating the evolu- 
tion of carbon dioxide, has long been considered by 
soil microbiologists to be related to soil fertility’. 
Lees has recently described a modified Haldane respiro- 
meter for measuring oxygen uptake as the criterion 
for that activity*. Along somewhat similar lines, our 
own studies suggest that the Warburg constant- 
volume respirometer may prove @ valuable tool with 
which to examine the activities of soil organisms in 
the breakdown of soil organic matter, or to determine 
the effect of various treatments in modifying the 
behaviour of soil organisms. 

We have noted that, when air-dried soil is placed 
in Warburg vessels and moistened to 30-90 per cent 
of saturation, the daily rates of oxygen uptake may 
be related to time by the equation : 

Y = F’/@, 
where Y represents oxygen uptake expressed in ul. 
per gm. of soil per hr., F’ and m’ are constants, and 
tis time in days. This equation is derived from earlier 
forms reported by other workers‘. F’ and m’ are 
derived by converting the equation to its logarithmic 
form : 
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log Y = log F’ — m’ logt. 

When log Y is plotted against log ¢, a close fit to a 
straight line has, as a rule, been obtained for periods 
of two to three weeks ; and it appears that observa- 
tions taken for five or six days (the result for the first 
day usually being omitted) establish the line reason- 
ably well. We are of the opinion that the Warburg 
method, combined either with graphs or regression- 
line values, makes possible a considerable reduction 
in the time required for determining respiratory 
activity in a soil. 

By these procedures it was found that two soils, 
differing widely in their organic content (one being 
a ‘muck’ and the other a loam), gave m’ values 
which did not differ significantly, though their F”’ 
values were quite distinct. Lees’s results from an 
experiment with a tropical soil® yielded a regression 
line having a value of m’ similar to those obtained 
from our own soils, but a value of F’ much higher than 
any we have found. 

Results of experiments using agents (disinfectants 
and heat) detrimental to the soil organisms suggest 
that our method may prove useful in determining 
the degree and duration of the interference of such 
agents with the biological equilibrium, since such 
treatments cause a marked deviation from the normal 
straight line; the latter reappears if and when 
adaptation to the treatment occurs. 

A hypothesis seeking to explain the peculiar log 
rate — log time linear function is proposed. It is 
based upon the premise that the energy-yielding 
components of soil organic matter may be composed of 
two fractions, one being readily decomposable and 
the other less readily decomposable, and that the 
breakdown of each portion proceeds simultaneously 
according to first-order reaction rates. It is suggested 
that the apparent log rate — log time function arises 
because two superimposed first-order reaction rates 
tend to dominate the processes of decomposition. A 
more detailed account of our results is planned for 
a later paper. 

F. E. CHASE 

Department of Bacteriology, 

Ontario Agricultural College, 

Guelph, Ont. 
P. H. H. Gray 

Department of Bacteriology, 

Macdonald College, 
Quebec, Canada. 
Aug. 5. + 


' Desai, S. V., and Sundara Rao, W. V. B., Ind. J. Agric. Sci., 18, 47 
(1948). 

*? Waksman, 8. A., and Starkey, R. L., Soil Sci., 17, 141 (1924). 

* Lees, H., Plant and Soil, 2, 123 (1949). 

‘Corbet, A. S., Soil Sci., 37, 109 (1934). 

5’ Lemmermann, O., and Weissmann, H., Z. Pflanzenerrdhrung u. 


Diingung, A, 3, 387 (1924). 


Influence of the Blood Glucose-Level on the 
Secretion of Adrenalin and Noradrenalin 
from the Suprarenal Medulla 


CONSIDERABLE evidence has accumulated to show 
that hypoglycemia, for example after insulin, leads 
to an increased liberation of adrenalin from the 
suprarenal medulla'. This effect may be regarded 
as a regulating mechanism for the blood sugar 
homeostasis. 

In order to study this possible mechanism, the 
secretion of adrenalin and noradrenalin has been 
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determined quantitatively in the venous blood after 
injections of glucose into cats anesthetized with 
‘Nembutal’. The venous blood from the left supra- 
renal was collected by means of a polyethylene tube 
in the lumbar vein. The amounts of adrenalin and 
noradrenalin were determined by comparative tests 
on cat’s blood pressure and hen’s rectal cecum?. The 
blood sugar was controlled regularly during the 
experiment. 

On an average, the secretion of noradrenalin and 
adrenalin was 75 mygm./min./kgm. (16 per cent 
adrenalin) at the beginning of the experiments. 
Glucose was infused in quantities from 0-1 to 0:8 
gm./kgm. body-weight. The infusion of 0-1 gm./kgm. 
brought the secretion of adrenalin down to about 
50 per cent, and 0-8 gm./kgm. to 7 per cent, of the 
secretion at the beginning. As the blood sugar 
decreased, the adrenalin .secretion was found to 
increase proportionally. The noradrenalin secretion 
also decreased, but not to the same extent. Similar 
experiments were carried out on animals with a 
denervated suprarenal gland. The denervation 
brought the secretion down to about 25 mugm./min. 
kgm. and this level remained unaffected by glucose. 
The blood glucose-level therefore causes a graded 
activation of the medullary secretion which is con- 
trolled by a nervous mechanism. 

An attempt to localize the origin of the effect of 
glucose was made in the following way. The head 
of one cat (A) was cross-connected with the body of 
another (B). Glucose infused in B increased the blood 
sugar in the head of A and led to a decrease of the 
secretion from its suprarenal in spite of low blood 
sugar-level in this body. It therefore seems possible 
that glucose affects the secretion from the supra- 
renal medulla via some kind of chemoreceptor 
located centrally. 

A further attempt to localize these supposed 
chemoreceptors was made by local injections of 
glucose in the hypothalamic region after injection of 
0-05 ml. of a 5°5 per cent (isotonic) glucose solution. 
A marked decrease in the adrenalin secretion was 
noted in some of these experiments, while control 
injections of saline failed to produce this effect. 

A full account of this work will- be published in 
Acta Physiol. Scand. 

Hans DUNER 

Department of Physiology, 

Faculty of Medicine 
(Karolinska Institutet), 
Stockholm. 

Jan. 2. 

2 Cannon, W. B., McIver, M. A., and Bliss, 8. W., Amer. J. Physiol., 
69, 46 (1924). Houssay, B. A., Lewis, J. T., and Molinelli, E. A., 
Rev. Asoc. méd. argent, 37, 486 (1924). Hékfelt, B., Acta Physiol. 
Scand., 25, supp. 92 (1951). Euler, U. 8. v., and Luft, R., Meta- 
bolism, 6, 528 (1952). 

2 Euler, U. 8. v., Acta Physiol. Scand., 19, 207 (1949). 


Development of Ostertagia circumcincta 
in the Abomasal Mucosa of the Sheep 


In the course of studies on O. circumcincta made 
at this laboratory, I have found that the phenomena 
of inhibited development and extended pre-patent 
period, described in Nature by Taylor and 
Michel with reference to the lungworm Dictyocaulus 
viviparus, are also evident in the development of 
O. ctircumeincta in the abomasal mucosa of the sheep. 

The literature on the ‘histotropic phase’? of 0. 
circumcineta is controversial. Threlkeld? found fourth 
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stage larve in the mucosa four days after 
infection, and at eight days found adults and larve, 
both on the surface and within the mucosa. However, 
on the seventh day the presence of larve ‘‘for the 
most part unattached to the mucosa” suggested 
that larve may leave the mucosa, and afterwards 
repenetrate it. Contrary to this, Dickmans and 
Andrews‘ state that larve develop to maturity with- 
out leaving the shelter of the mucosa. The duration 
of the histotropic phase is not known, but Morvan, 
Parnell and Rayski5 failed to find any evidence ‘hat 
it would extend over winter, and concluded that it 
was unlikely to be of importance in the epidemiology 
of ostertagiosis. 

At this laboratory, worm-free sheep, housed under 
conditions which prevented accidental infestation, 
were dosed with 20,000 O. circumeincta larvex each, 
and killed at intervals from three to eighty-four days 
later. Examination of the abomasal mucosa suggested 
that third stage larve penetrate the gastric pits on 
the third and fourth days. Thereafter larve may 
develop in one of several ways. Some may leave the 
mucosa after the third ecdysis and live on the surface. 
Others may grow within the mucosa but are able to 
leave it at any stage of development, although some 
may remain in the mucosa for a short time when 
mature. Yet other larve may fail to develop, and 
remain in the gastric pits and glands where they were 
found in sheep killed three months after the adimin- 
istration of infective larve. 

The distribution of larve in the mucosa is shown 
in the accompanying drawing. The majority were 
found, singly or in pairs, in small nodules in the pyloric 
region, and on the valvule terminales around the 
cardiac orifice. In some sheep larve were found in 
the peptic region in groups of four to ten, usually in 
large flattened nodules which lie chiefly towards the 
edges of the spiral folds. 

The extended histotropic phase may influence the 
effects of anthelmintics on O. circumceincta, since it 
is probable that parasites in the gastric pits and 
glands are protected. Preliminary observations 
suggest that phenothiazine is less effective against 
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Distribution of Ostertagia in the mucosa of the sheep’s abomasum. 
Small dots represent one or two worms ; large dots from four to 
ten worms 
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0. circumeincta than against T'richostrongylus spp.°*. 
The extended pre-patent period observed in many of 
the sheep may be significant in the epidemiology of 
0. circumeincta. Larve acquired in any one month 
may not contribute to the contamination phase, as 
recorded by worm-egg counts, until several months 
later, but meanwhile may damage the mucosa. 

The observations recorded here concern sheep which 
were given @ single dose of larve. Whether a similar 
picture will be presented by sheep receiving repeated 
doses (a8 is assumed to occur in the field) is to be 
the subject of further investigation. Immunological 
phenomena may modify the pattern of development 
and may account for the findings of Morgan et al. that 
the number of larve occurring in the mucous mem- 
brane of the abomasum and small intestine were 
always surprisingly low. 

A more detailed account of this work will be 
ublished elsewhere. The help of my colleague, 
H. McL. Gordon, is gratefully acknowledged. 

R. I. SOMMERVILLE 
Division of Animal Health and Production, 
Commonwealth Scientific and 
Industrial Research Organization, 
McMaster Laboratory, 
Parramatta Road, 
Glebe, N.S.W. 
Dec. 2. 
‘Taylor, E. L., and Michel, J. F., Nature, 169, 753 (1952). 
'Kotlan, A., Rep. 14th Int. Vet. Congr., 2, 61 (1949). 
‘Threlkeld, W. L., Tech. Bull. Va. Agric. Exp. Sta., 52 (1934). 
‘Dickmans, G., and Andrews, J. 8., J. Parasit., 20, 106 (1933). 
‘Morgan, D. O., Parnell, I. W., and Rayski, C., J. Helminth., 25, 
177 (1951). 

‘Gordon, H. Mel. (unpublished data). 


No. 4350 


Differences in the Vitamin B,, Content of 
Cow’s Milk during the Last Month 
Indoors and the First Week at Pasture 


THERE is not much information available regarding 
the amount of vitamin B,, in the milk of individual 
cows'. The present work was undertaken to obtain 
& quantitative idea of the vitamin B,, activity in 
cow’s milk during the period of indoor feeding, and 
during the first week at pasture. 

For assaying the vitamin B,, potency of the milk, 
samples were taken twice a week from ten healthy 
animals of Friesian breed. The cows were milked 
twice a day, in the morning and in the evening. The 
morning and evening milk of each cow were analysed 
separately. 

The determination is carried out by the micro- 
biological method using the strain Lactobacillus 
leichmannii A.T.C.C. 4797. ‘The response of the 
organism to vitamin B,, activity was measured in 
terms of titratable acidity, and the experimental con- 
ditions necessary for obtaining consistent results were 
standardized. The results are shown in the accom- 
panying table. 

AVERAGE VITAMIN B,, CONTENT OF MILK IN “GM. PER LITRE 

Cows 
Indoors 
At pasture 10°52 

The vitamin B,, level in the morning milk is in all 
cases evidently lower than that of evening milk. 
Indoors, the average production of milk in the 
morning was 10-98 lit., and in the evening 9-37 
lit.; for animals at pasture, it was 9-53 and 6-90 lit. 
respectively for the first week. In the second week, 
the average production was the same as indoors. The 


Morning milk Evening milk Daily production 
5-96 6-65 6°31 
11-10 


12-00 
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morning milk showed an average vitamin B,, content 
of 5-96 ugm. per lit. for cows indoors and 10-52 pgm. 
per lit. for cows at pasture, while the highest values 
observed were respectively 7-60 and 20-40 ugm. per 
lit. and the lowest 4:10 and 6-8ugm. per lit. for 
morning milk indoors and at pasture. 

The average vitamin B,, activity in evening milk 
of cows indoors is 6-65 pgm. per lit. and of cows 
at pasture 12-00 ugm. per lit. Indoors, the maximum 
and minimum values found were 9-6 and 5-2 ugm. 
per lit. respectively, and at pasture 15-50 and 8-50 
ugm. per lit. respectively. The daily production 
showed an average value of 6-31 ugm. vitamin B,, per 
lit. for cows indoors and 11-10 pgm. per lit. for cows 
at pasture. 

In agreement with the observation of de Heus?, the 
increase in vitamin B,, activity of milk of cows on 
grass is approximately twice that of cows indoors. 
All animals showed this increase in the first week 
on grass. It may be suggested that the micro flora 
of the rumen of cows at pasture changes to the 
advantage of the micro-organism producing vitamin 
Bis. 

A detailed account of this work will be published 
elsewhere. 

E. E. vAN KOETSVELD 
‘De Schothorst’’ Institute for the 
Study of Animal Nutrition, 
Hoogland (nr. Amersfoort), 
The Netherlands. Oct. 1. 


1 Streeninvasamurthy, V., et al., Ind. J. Dairy Sci., 3, 179 (1950). 
Collins, R. A., et al., Fed. Proc., 9, 355 (1950). J. Nutrition, 43, 313 
(1951). Anthony, W. B., et al., J. Dairy Sci., 34, 749 (1951). 

?de Heus, J. G., et al., Voeding, 12, 361 (1953). 


Thyroid Activity in Teleosts 


THE available evidence suggests that a calorogenic 
effect of the thyroid is doubtful in Teleosts. .There 
has been a failure to modify the oxygen consumption, 
and therefore the heat production, by increasing or 
decreasing the amount of thyroid hormone available. 
Furthermore, the gland, as demonstrated in Phoxinus 
levis and Lebistes reticulatus, unlike that of the higher 
animals, shows a regression with low external tempera- 
tures, and an increase of activity with high. This is 
emphasized by treatment with thiourea, for immersion 
of the fish in 0-05 per cent thiourea (changed twice 
weekly) results in an increase in epithelial height 
and a decrease in the amount of colloid present. 
These changes are more rapid when the treatment 
is applied at a constant high temperature. In this 
instance the activity has been measured arbitrarily 
by the epithelial height. For example, in October 
1951, the gland of Phoxinus levis showed a maximal 
structural effect after ten days at 25° C., whereas 
at 3° C. there was only a slight rise after three weeks 
(see graph). 

It is unlikely, therefore, that the Teleost thyroid 
is functioning as a thermo-regulator, and it would 
not be expected to exert a calorogenic effect. 

Terrestrial animals live in an environment of low 
thermal capacity and are exposed to great changes 
of external temperature ; in addition, if the internal 
temperature becomes too great, there is a danger of 
death by desiccation, so that animals with a thyroid- 
ean type of thermo-regulator would have a selective 
advantage. The Teleost, in an environment of high 
thermal capacity, would not be subjected to such 
selection and so provides an example of physiological 
evolution. 
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This raises the question of the function of the 
thyroid in Teleosts. Some light may be thrown on 
this by the fact that thiourea-treated Teleosts can 
withstand much higher temperatures than usual. 
Phoxinus levis, which, under conditions used, generally 
dies at 23° C., appears normal at 33° C., and Lebistes 
reticulatus shows a similar effect. 

This fact, in addition to demonstrating a physio- 
logical effect of thiourea on Teleosts, suggests that 
there is yet another manner in which the thyroid 
can act as a mediator between the organism (in this 
ease the fish) and its environment. Barrington and 
Matty! have recently shown a correlation between 
the thyroid and the reproductive organs ; but it is 
possible that the thyroid exerts a more widespread 
influence, and treatment with thiourea may disturb 
the entire endocrine balance in the Teleosts in a 
manner unlike that in the higher vertebrates. 

Further details of these experiments will be pub- 
lished elsewhere. 

P. Y. FortTUuNE 

Department of Zoology, 

University, Leeds 2. 
1 Barrington and Matty, Nature, 170, 105 (1952). 


Vertical Distribution of Teredo norvegica 


TRE literature dealing with. the wood-boring 
bivalve, Teredo, is extensive. The majority of 
investigations, however, have dealt with floating 
structures and little attention has been paid to the 
problem of vertical distribution. During a recent 
investigation into an attack of J’. norvegica on 
wooden structures at Loch Ryan, Scotland, informa- 
tion was obtained regarding the vertical distribution 
of this species. 

In order to estimate the extent of the infection a 
wooden pile, 62 ft. long, was removed from a jetty 
and examined. This member of the structure had 
been in service for ten years but had been disturbed, 
with a resultant rise to 4 ft. above its original position, 
approximately three years before being pulled. The 
distribution of entry holes over the seaward face of 
this pile is shown in Fig. 1. There is an obvious 


increase with increase in depth down to the original 
mud-line at 29-5 ft. below M.T.L. This is followed 
by a sharp decrease at the original mud-line and a 
second increase down to the new mud-line at 33-5 ft. 
The number of Teredo holes in cross-sections of the 
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pile shows a similar distribution. At 23-5 ft. there 
were 14, at 26-5 ft. 28 and at 29-5 ft. 52. Thus, within 
the vertical range covered by this pile, that is, down 
to 33-5 ft. below M.T.L., there is an increase in the 
intensity of infection with increase in depth. 

There is little in the literature to explain this very 
marked distribution of Teredo. The larve of T'eredo 
tend to sink passively downwards whenever ciliary 
activity ceases. This tendency may possibly explain 
the distribution of 7’. norvegica observed at Loch 
Ryan. Observations on 7’. pedicellata, however, do 
not support this explanation. Doochin et al.' have 
suggested that the presence of a layer of silt near the 
mud-line would offer immediate protection from the 
mechanical effects of current. Unlike the cyprids of 
barnacles, the larve of shipworms are not affected by 
the presence of a layer of silt. They are able to burrow 
through it. Isham et al.*? have recently investigated 
the effect of light upon larve of 7’. pedicellata. The 
results do not allow of any but tentative conclusions. 
It would appear from their experiments that settle- 
ment and subsequent boring may be expected to 
occur at &@ maximum under conditions of illumination 
of 160 ft.-candles. Illumination at the surface of 
open water on a bright day is of the order of 20,000 
ft.-candles*. Thus, the figure of 160 ft.-candles 
represents deep shade. 

The conclusions that light and the presence of a 
layer of silt may affect the vertical distribution of 
shipworm larve would appear to agree with the dis- 
tribution of 7’. norvegica observed at Loch Ryan. It is 
interesting to note, however, that the under-surfaces 
of horizontal structures suffered from a much heavier 
infection than did vertical surfaces at the same level. 
Similarly, an underwater survey by divers revealed 
that the raker piles, which are inclined at an angle to 
the vertical, were most heavily infected in the region 
shown in Fig. 2. This is the region of maximum 
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Fig. 1. Vertical distribution of entry holes of 7. norvegica over 

the seaward face of a wooden pile. The measurements are given in 

feet below M.T.L. NML, new mud-line ; OML, original mud-line 

Fig. 2. Diagram of a raker pile near the mud-line to indicate 

the region most heavily attacked by 7’. norvegica. X, region of 
greatest attack 
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These observations suggest that the larve of 
T. norvegica tend to settle in increased numbers in 
dimly lit regions and that the presence or absence of 
a layer of silt is of little importance. More information 
is required, however, before the importance of light 
as a factor in determining the vertical distribution 
of Teredo can be accurately assessed. 
G. OWEN 
Department of Zoology, 
University of Glasgow. 
Oct. 2. 

ipoochin, H., and Smith, F. G. W., Bull, Mar. Sci. Gulf and Carib- 
bean, 1, 196 (1951). 


tisham, L. B., Smith, F. G. W., and Springer, V., Bull. Mar. Sci. 
Gulf and Caribbean, 1, 46 (1951). 


Life-history of Gorgoderina vitelliloba 
(Olsson) 


AMERICAN species of the subfamily Gorgoderinze 
(Trematoda) exhibit life-histories which appear to 
fall into two distinct groups. In the genus Phyllo- 
distomum, the host into which the miracidium 
penetrates is a freshwater cockle of the family 
Spheriide, and the cercaria passively enters a 
dragonfly nymph, where the metacercarial cyst is 
formed. Life-cycles of this nature have been de- 
termined by Goodchild! and others. In the second 
type of life-history, as exemplified by that of mem- 
bers of the genera Gorgodera and Gorgoderina, while 
the miracidial host is again a freshwater cockle, the 
metacercarial host is usually a tadpole. Goodchild?, 
Krull? and Rankin‘ have determined experimentally 
life-histories of this type. 

Ssinitsin® described the life-cycle of Gorgoderina 
vitelliloba, the only European species of its genus, 
and recorded the metacercarial host as being a 
dragonfly nymph. If dragonfly nymphs are the usual 
metacercarial host for this species, it would appear 
that the European species of Gorgoderina has a life- 
cycle similar to those of American species of Phyllo- 
distomum and different from American species of 
its own genus. Joyeux and Baer*, however, have 
described a cercaria, liberated from sporocysts 
developing in Spherium corneum, which they believe 
to be the cercaria of Gorgoderina vitelliloba. These 
cercarize when fed to tadpoles produced metacercarie. 

The purpose of this communication is to place on 
record the fact that in England I have found tadpoles 
of Rana temporaria to contain metacercarial cysts, 
which when fed to frogs and toads known to be free 
from G. vitelliloba gave rise to infestations with this 
parasite. In addition, I have completely determined 
the life-cycle of G@. vitelliloba in the laboratory and 
found the miracidia to enter both Spherium spp. 
and Pisidium spp., but more frequently the latter. 
Cercariz, when fed to tadpoles of Rana temporaria, 
produced metacercarie which were used for infecting 
the definitive hosts. It would appear, therefore, that 
G. vitelliloba in England has a life-cycle similar to 
that of American species of the genus. 

E. LEEs 

Department of Biology, 

Technical College, 
Huddersfield. Oct. 1. 
‘Goodchild, C. G., Biol. Bull., 84, 59 (1943). 
* Goodchild, C. G., J. Parasit., 34, 407 (1948). 
Krull, W. H., Pap. Mich. Acad. Sci, Letters, 20, 134 (1935). 
‘Rankin, J. S., Amer. Midl. Nat., 21, 478 (1939). 
Ssinitsin, D. F. (thesis of Warsaw University, 1905). 
* Fe yee ae and Baer, J. G., Bull. Soc. Neuchatel, Sci. nat., 71, 13 





NATURE 485 





Number of Fibrils in the Cilia of the 
Green Alge 


Reapers of Nature who may have noticed the 
simultaneous appearance in the issue of February 14 
of two independent communications’* on plant cilia, 
one of them an abstract? of a paper of our own, 
could be misled by the accidents of context and 
wording into the belief that we are trying to use the 
internal structure of cilia as a basis for phyletic con- 
clusions and that there is a fundamental difference 
between the green algze in which Astbury and Saha" 
have found nine strands and all other plants in which 
there are cleven. To prevent such a mistake, it will 
perhaps be helpful to point out that the structure 
of the ciliary axis in all groups of plants and animals 
in which accurate work has been done appears to be 
identical. There is a precise and predetermined 
fibrillar structure composed of nine peripheral strands 
and a central pair (making. eleven strands in all) ; 
there is also a superficial skin, some other components 
within the fibrils, and in certain cases at least there 
is a spiral winding between the peripheral fibrils and 
the core. 

These facts are not controversial. Photographic 
evidence for all the more important plant groups 
possessing ciliated cells has been published by us 
in the Journal of Experimental Botany in a series of 
papers’ during the past two years. Much of this is 
summarized in the report‘ of the 1951 Symposium 
of the Society of Experimental Biology, which also 
contains an electron micrograph showing the eleven 
strands in the green alga Ulothrix. Our most recent 
publication’, on the moss Sphagnum, contains a 
diagrammatic reconstruction of the micro-anatomy 
of a cilium, the correctness of which as a generalized 
statement applicable to other groups, at least as 
regards the essentials of the transverse section, has 
been powerfully confirmed by the very beautiful thin 
sections prepared by Fawcett and Porter® of Harvard 
Medical School, who have communicated to us original 
prints of micrographs of transversely cut cilia in a 
frog, @ molluse and man, all of which show the same 
arrangement and number of strands. The eleven 
strands in animals have also been very clearly demon- 
strated among others by Jakus and Hall’ in the cilia 
of Paramecium and by Grigg and Hodge* in the sperm 
tails of the fowl. 

Where other numbers have been reported this is 
sometimes, and possibly always, due to imperfect 
observation or to imperfect material. Thus the two 
central strands often decompose more readily than 
the others or they may fall out, leaving only the 
peripheral nine. We have a paper passing through 
the press now® correcting an earlier mistake of our 
own (in the hind flagellum of Fucus) due to this 
cause. Astbury and Saha’s figured specimen of 
Polytomella' (a colourless member of the Volvocales) 
is undoubtedly in the same condition. We append 
a micrograph of the green alga Chatomorpha which 
shows unequivocally that in a complete specimen 
the normal complement of eleven strands can quite 
easily be found in this group as in others. 

No phyletic significance can, of course, be attributed 
to a character as widespread as this, and the only 
possible interpretation is in terms of functional or 
structural mechanics. Some aspects of these are 
discussed in our paper on Sphagnum® and others in 
@ new paper® on the brown alge which is in the 
press. The phyletic conclusions mentioned in the 
summary in Nature of Manton, Clarke, Greenwood 








Electron micrograph of the distal end of a dismembered cilium 
of the green alga, Chatomorpha melagonium, stained to show the 
number of fibrils without other details, and stripped from glass as 
described in Manton, Clarke, Greenwood and Flint (ref. 2). 
Philips electron microscope, 60 a 

x 12,000 


unshadowed, magnification 


and Flint? depend on the characters provided by 
external appendages which in a limited number of 
plant groups (but not in animals, land plants or 
green alge) are borne upon the cilia. This will be 
obvious to anyone familiar with our work as pub- 
lished, though the cross-reference to Astbury and 
Saha’s article in the summary of our paper might 
otherwise be misleading. 

The specimen figured was from a_ preparation 
made by A. D. Greenwood and B. Clarke from fresh 
material collected at Cullercoats by Dr. E. Nicolai 
in January 1952. 

I. Manton 

Botany Department, 

University of Leeds. 

Feb. 20. 
, sates. W. T., and Saha, N. N., Nature, 171, 280 (1953). 
i, 171, 289, 2 nena ng Manton, I., Clarke, B.. Seenennne 
A. , and Flint, E. A., J. Exp. Bot., "3, 204 (1952 
PRE Saag et al., J. Exp. - 2, 125 (1951); 2, 231 Saabs 2, 24 
(1951) + 3, 20 204 (1952); 8 , 265 (1952); see also Ann, Bot., N.S. 
* Manton, I., pol Soc. Exp. Biol., 6, 306 (1952). 
* Manton, I., and Clarke, B., J. Exp. Bot., 8, 265 (1952). 
* Fawcett, D. W., and Porter, K. R., Anat. Rec., 118, 539, Abstract. 
33 (1952). 
7 Jakus, M. A., and Hall, C. E., Biol. Bull. Woods Hole, 91, 141 (1946) 
* Grigg, G. W., and Hodge, A. J., Aust. J. Sci. Res., 2, 271 (1949). 
® —” Clarke, B., and Greenwood, A. D., J. Erp. Bot., 3 (in the 
press). 


Growth and Optical Properties of Stearic 
Acid Crystals 


WE have applied optical and interferometric tech- 
niques to stearic acid crystals (CH,(CH,),,;COOH) 
which were grown from a dilute solution in benzene of 
the compound. Tabular crystals were produced by slow 
evaporation of a drop of this solution placed upon a 
clean, cooled microscope slide. Many spiral features 
have been observed upon the basal planes by exam- 
ining the silvered crystals under phase-contrast 
illumination. These are growth spirals in accordance 
with the dislocation theory of Burton, Cabrera and 
Frank’. 

Fig. 1 (top) shows a growth spiral and a terminated 
line which can be interpreted as a ledge between the 
point of emergence of the screw dislocation on the 
underside of the crystal and the crystal boundary. 

In addition, by the rapid evaporation of a drop 
of solution upon a warmed glass plate, circular spiral 
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patterns have been obtained. These ‘evaporation 
figures’ have not been identified as growth spirals, 
The existence of oriented overgrowth has also been 
established. 

Stearic acid is a monoclinic crystal with lattice 
parameters? c = 48-84A.; 8 = 63° 38’. Since the 
crystals were small (approximately 200u), the 
multiple-beam surface topography interference fringes 
generally obtained by matching the silvered crystal 
against a silvered optical flat could not easily be 
employed to determine the spiral step-height. It was 
found satisfactory to use the interferometric tech- 
niques formerly used with thin sheets of mica. The 
multiple-beam interference fringes produced by the 
internal reflexion between the two silvered surfaces 
of the crystal were thus found more convenient and 
accurate for the measurement of step-heights. We 
have made a large number of measurements and 
found that most of the step-heights are small integral 
multiples of 45 + 5A., which within experimental 
errors agree with the predicted X-ray repeat unit. 

Fig. 2 (middle) illustrates the multiple-beam re- 
flexion Fizeau fringes given by a doubly silvered 
crystal plate. The fringes are contouring a spiral so 
that they are parallel to the growth edges and, being 
very sharp, appear double owing to the birefringence 
of stearic acid. The two components are polarized at 
right-angles to each other. In Fig. 3 (bottom), the 
fringes of equal chromatic order* for a line section 
across the peak of this growth spiral are shown ; the 
birefringence of the crystal is again obvious. These 
fringe patterns permit an accurate determination 
of the birefringence and also other optical properties 
of the crystal, in a manner already established. 

A more detailed account of these investigations 
has been communicated elsewhere‘. We thank Prof. 
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§. Tolansky for his interest and encouragement in 
this work. One of us (A. R.V.) wishes to express 
his thanks for the Imperial Chemical Industries 
Fellowship of the University of London, and to the 
University of Delhi for an extension of study leave. 

Note added in proof. Since then, in addition to a 
step of unit height equal to 46-3 + 0-8 A., we have 
measured steps which are odd-half integral multiples 
of the X-ray repeat unit. 
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P. M. REYNOLDS 
Asit Ram VERMA 
Royal Holloway College 
(University of London), 
Englefield Green, 
Surrey. 
Oct. 1. 


‘pao mn, W. K., Cabrera, N., and Frank, F. C., Phil. Trans. Roy. 


, A, 243, 299 (1951). 
+ watler, oe Proc. Roy. Soc., A, 114, 522 (1927). 
? Tolansky, 8., ‘Multiple Beam* ‘Interferometry of Surfaces and Films”’ 
(Oxf. Univ. Press, 1948). 
‘Proc. Phys. Soc. (in the press). 


Radiation induced by Alpha-Particles 
in Thin Films 


We have examined spectrographically the light 
emitted by thin films bombarded by «-particles'. 
The films were built up by evaporation on quartz 
slides to a thickness small compared with the range of 
the a-particles. The slides were mounted in front 
of the slit of a Hilger f/4 quartz spectrograph and 
exposed to a 25-mC. polonium source. Representative 
spectra, photographed on Eastman Kodak type IT-0 
spectroscopic plates, are shown in the accompanying 
photograph. 

Spectrum (a) shows the continuum emitted by 
collodion extending, left to right, from about 230 my 
to about 470 mu. The wave-length limits are set by 
the sensitivity of the photographic plate and not by 
the spectral energy distribution of the emitted light. 
Superimposed on the continuum are a number of 
bands which come from air molecules and from oxygen 
bound to the polonium’. At a slit-width of 0-2 mm. 
these bands are resolved into a series of lines listed 
in the accompanying table. 

Spectrum (6) is obtained from a film of deoxyribo- 
nucleic acid of thickness corresponding to approx- 
imately 2 mgm./cem.*. The film is transparent to the 





Cc) aluminium ; BS 
g Le o> and copper (below), separated by 
w mm. 


(a) Collodion; (b) deoxyribonucleic acid ; 


a nalTow ga 
Exposure times, about 60 ae for (a), (b) Si 
(d), and 20 hr. for (¢) 
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LIGHT FROM POLONIUM IN AIR 











Wave-length | Rel. intensity ! Wave-length Rel. intensity 

(mp) | (mz) | 

298 5 | 355 4 
300 5 | 359 2 
313 5 376 4 
314 4 382 4 
826 3 392 4 
330 5 i 402 6 
$36 5 408 6 
338 } 1 430 | 6 








light from the polonium source, which again gives 
the characteristic superimposed bands. Spectrum 
(c) is from aluminium. Spectrum (d) comes from a 
thin film of gold (above) and a thin film of copper 
(below) separated by a narrow gap. Light from the 
polonium source can be seen through the gap on 
the quartz slide. It is clear, therefore, that films of 
collodion, deoxyribonucleic acid, aluminium, gold 
and copper, when bombarded by «-particles, emit 
radiation in a continuum from 230 to 470 my, the 
region of observation. 

Dee and Richards* irradiated thin films of water 
on @ quartz slide and found that chemical reactions 
were induced in solutions placed beneath the quartz. 
The chemical reactions were ascribed to quanta 
emitted from the bombarded water. To investigate 
the nature of these quanta we immersed the polonium 
source in water and made an eleven-day exposure. 
No radiation other than the lines listed in the table 
was observed. The failure to find such additional 
radiation from the water implies that any quanta 
emitted by the water must lie at wave-lengths shorter 
than 230 my, and hence beyond the limits of detection 
of our system. 

We are indebted to Dr. R. E. Nusbaum, Mr. G. V. 
Alexander and Mr. F. W. Bishop for technical 
assistance. 

This report is based on work performed under 
Contract No. AT-04-1-GEN-12 between the Atomic 
Energy Commission and the University of California 
at Los Angeles. 

Amos NORMAN 
M. A. GREENFIELD 
Paut M. Kratz 
Department of Radiology, 
School of Medicine and Atomic Energy Project, 
University of California at Los Angeles. 
Sept. 3. 


1 Richards, E. W. T., and Cole, J. F. L., Nature, 167, 286 (1951). 
2 Ortner, G., and Salim, 8., Nature, 169, 1060 (1952). 
5 Dee, P. I., and Richards, E. W. T., Nature, 168, 736 (1951). 


Structural Skeleton in a Bituminous Coal 


Our previous experiments on the rheological 
properties of coal, determining Young’s modulus by 
a resonant frequency method!, internal viscosity 
by measuring the vibrational decrement at audio- 
frequencies?, and breaking-strength by measuring the 
stress applied for rupture for various durations of 
load’, have shown that variations of these properties 
with ash concentration in coal expressed by volume 
parts are linear. 

I have therefore suggested that in the caking coals 
ash particles ‘solvate’ coal molecules and form a 
micellar structure, as in the rubber—carbon black 
system. Although the proposed micellar structure 
is fundamentally different from that used by D. H. 
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Bangham et al.‘, it is believed that the physical 
picture presented can be used for interpreting the 
rheological properties and especially the caking 
phenomena. The state of ash in caking coal as an 
active ‘filler’ is not specified ; but it is inferred that 
the active filler in general has strong affinity for the 
matrix molecules and is finely dispersed, so that the 
‘active’ ash is likely to correspond to the inherent 
ash of coal. 

Recently, we recognized interesting anomalies in 
these values for a Japanese bituminous caking coal, 
Takashima, with an average volatile matter of 
38 per cent (dry ash-free), as illustrated in the graph ; 
minima were shown in the range of 2 per cent of 
ash-volume concentration, and maxima in _ the 
8-10 per cent range. These results seem to support 
the theory that the inorganic matter plays a sig- 
nificant part in the structure of coal and its pro- 
perties. The linear relationship between the values 
and ash content is considered to be in the range of 
2-10 per cent of ash for this sample. 

It is well known in rubber science that elastic 
constant, viscosity coefficient and tensile strength at 
first decrease with loading with carbon black (up to 
10 per cent by volume’), followed by an increase of 
these properties for greater loadings up to a point 
(30 per cent by volume‘) where the stiffening ends 
by overloading. The similarity in variations of 
rheological properties between the two systems, with 
‘filler’ and matrix, is interesting, despite the numerical 
differences in ranges of filler content. It may be 
suggested that the first minima at 2 per cent of ash 
content correspond to the state where the micellar 
spheres, in which the coal molecules are solvated 
by ash particles as nuclei, first touch each other, 
forming a sort of scaffolding, and the second maxima 
at approximately 10 per cent of ash content represent 
the point where the micellar spheres form a close- 
packed state. 

Taking a sample with 10-13 per cent ash by volume 
of Takashima coal, the specific surface area was 
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found by the iodine adsorption method® at 25-0° ¢, 
to be 9-51 x 10cm. */gm. (dry basis) and the de nsity 
in methanol was 1-24 (25-0° C.). Assuming the close- 
packed state of micellar spheres for the range of 
10 per cent ash and that each micelle has an untrun- 
cated surface, the radius of the sphere was calculated 

as 2540 A., and the radius of the ash particles serving 
as nuclei was estimated as 1160 A. ; these dimensions 
of ash are nearly the same as those of some kinds of 
carbon blacks. The micellar dimensions are expected 
to be largest for caking coals, because the solvation 
factors of molecules around ash are highest! ? and, 
as is widely recognized, the variation of the specific 
surface area with the rank of coals shows @ minimum 
for the bituminous coal group. 

The detailed results of this investigation will be 
published in Bull. Chem. Soc. Japan, as part of an 
investigation of the rheology of coal. I am indebted 
to Mr. H. Tani for help in the experiments. 

Katsvuya [novye 

Resources Research Institute, 

Saitama-Kawaguchi, 
Japan. 
Aug. 20. 


‘Inouye, K., J. Colloid Sci., 6, 19) (1951). 

* [nouye, K., Bull. Chem. Soc. Japan (in the press). 

* Inouye, K., and Tani, H., Bull. Chem. Soc. Japan (in the press 

‘ Bangham, D. H., Franklin, R. E., Hirst, W., and Maggs, F. A. P., 
Coal Research, 153 (1948). 

* Guth, E., J. App. Phys., 16, 20 (1945). 

* Inouye, K., J. Fuel Soc. Japan, 29, 112 (1950). 
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Diffusion of Silicon in Ferrite 


WE have recently carried out some measurements 
on the diffusion of silicon at low concentrations in 
ferrite at one temperature near to the melting point. 
Specimens (cylinders of 4 in. diameter) were made 
of pure iron butt-welded to a 3-4 per cent silicon 
iron alloy. These were heated for differing times at 
the temperature 1,435 + 5° C., cooled and sectioned 
along a plane perpendicular to the weld interface. 
The diffusion of silicon into the iron across the inter- 
face was measured by traversing the section with a 
spectrograph spark. By correcting for the finite size 
of the sparked zone and standardizing the spectro- 
graph with samples of known silicon content, curves 
of silicon concentration versus distance were plotted. 
The diffusion coefficient of silicon was obtained by 
applying Fick’s law and the result (mean of five 
determinations) was D, = 1-1 x 10-7 cm.*/sec. The 
grain-sizes of the specimens were large enough to 
assume that at the temperature used the contribution 
of grain-boundary diffusion was small, and it is 
thought that overall error in D should not be greater 
than + 20 per cent. 

The variation of D with temperature may be calcu- 
lated if Zener’s theory’ is assumed. Depending on 
whether vacancy or ring diffusion occurs, respectively, 
Dy = 16 exp(— 64,000/RT), or 310 exp(— 74,000/R7) 
em.?/sec. 

F. J. BrapsHaw 

G. Hoye 

K. SPEIGHT 
Metallurgy (General) Divisional Laboratory, 
British Iron and Steel Research Association, 

Royal School of Mines, 
London, 8.W.1. 
Oct. 1. 


‘Zener, C., J. App. Phys., 22, 372 (1951). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Saturday, March 14 


BOTANICAL SOCIETY OF THE BRITISH ISLES (at the Linnean Society 
of London, Burlington House, Piccadilly, London, W.1), at 2.15 p.m. 
—Annual General Meeting. 


Monday, March 16 


SocIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at the Chemical 
Society, Burlington House, Piccadilly, London, W.1), at 6.30 p.m.— 
scientific Papers. 

ROYAL GEOGRAPHICAL SoorgTy (at 1 Kensington Gore, London, 
$.W.7), at 8.15 p.m.—Prof, W. Q. Kennedy, F.R.S.: ‘‘The Mountains 
of the Moon’’ (Mrs. Will Gordon Lecture). 


Monday, March 16—Wednesday, March 18 
[NSTITUTION OF ELECTRICAL ENGINEERS, MEASUREMENTS SECTION 
(at Savoy Place, Victoria Embankment, London, W.C.2).—Symposium 


on “Insulating Materials’. 


Tuesday, March 17 


LONDON MATHEMATICAL Soctety (at the Royal Astronomical 
Society, Burlington House, Piccadilly, London, W.1), at 5 p.m.— 
prof. I. Fort: *‘Boundary-Value Problems for Ordinary and Partial 
Linear Difference Equations’’. 

SocIETY OF CHEMICAL INDUSTRY, CROP PROTECTION PANEL of the 
AGRICULTURE GROUP (at the Chemical Society, Burlington House, 
Piecadilly, London, W.1), at 5.30 p.m.—Dr. E. E. Turtle: ‘‘Rodent- 


icides’’. 


Wednesday, March 18 

ROYAL SANITARY INSTITUTE (at 90 Buckingham Palace Road, 
London, 8.W.1), at 2.30 p.m.—Mr. H. A. Cox: “The Importance of 
Timber Preservation in the National Economy’’. 

RoyAL Society OF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 2.30 p.m.—Mr. H. A. R. Binney: “Fifty Years’ Work 
on Industrial Standards’’. 

GEoLoGIcaL SocreTy (at Burlington House, Piccadilly, London, 
W.1), at 5 p.m.—Dr. RB. G. 8. Hudson and Mr. D. M. Martin: “‘The 
Structure of the Jebel Hagab Area, Trucial Oman’’. 

ROYAL METEOROLOGICAL Society (at 49 Cromwell Road, London, 
$.W.7), at 5 p.m.—Mr. B. J. Mason: “‘The Growth of Ice Crystals 
in a Super-cooled Water Cloud’; Mr. R. Wexler: “Theory of the 
Radar Upper Band’’; Mr. I. C. Browne: “Precipitation Streaks as 
a Cause of Radar Upper Bands’’. 

ROYAL SOCIETY OF MEDICINE, COMPARATIVE MEDICINE SECTION 
(at 1 Wimpole Street, London, W.1), at 5 p.m.—Discussion on ‘‘Some 
Biological Aspects of Mucin’’. 

ROYAL STATISTICAL SOCIETY, RESEARCH SECTION (at the London 
School of Hygiene and Tropical Medicine, Keppel Street, London, 
W.C.1), at 5.15 p.m.—Dr. C. A. B. Smith: ‘The Detection of Linkage 
in Human Genetics’. 

BRITISH ORNITHOLOGISTS’ UNION (at the Zoological Society of Lon- 
don, Regent’s Park, London, N.W.1), at 6 p.m.—Annual General 
Meeting. 

ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting 
with the LONDON SEcTION of the SOcIETY OF CHEMICAL INDUSTRY, 
in the Large Chemistry Lecture Theatre, University College, Gower 
Street, London, W.C.1), at 6.30 p.m.—Dr. F. Sanger: “‘The Chemistry 
of Insulin’’. 

Thursday, March 19 

INSTITUTE OF MBTAL FINISHING (at Charing Cross Hotel, Strand, 
London, W.C.2), at 2.30 p.m.—Inaugural Meeting of the Organic 
Finishing Group; at 3 p.m.—Mr. A. A. B. Harvey: ‘Problems of 
Paint Application’; at 4.30 p.m.—Mr. D. H. Lloyd: “Problems of 
Dip and Spray Painting’’. 

ROYAL SocigTy (at Burlington House, Piccadilly, London, W.1), 
at 4.30 p.m.—Scientific Papers. 

IMPURIAL COLLEGE CHEMICAL SocreTy (in the Main Chemistry 
Lecture Theatre, Royal College of Science, Imperial Institute Road, 
London, 8.W.7), at 5 p.m.—Prof. R. G. W. Norrish, F.R.S.: ‘Recent 
Studies in the Combustion of Hydrocarbons’’.* 

LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Mr. Frank L. Hill: “‘The Natural History 
of the Monte Bello Islands’. 

SocreTY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at the 
Medical Society of London, 11 Chandos Street, Cavendish Square, 
London, W.1), at 6 p.m.—Annual General Meeting ; at 6.15 p.m.—Dr. 
H.S. Holden: ‘“‘Microbiology and Crime’’. 

Soctety OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS 
Group (at the Building Centre, Store Street, London, W.C.1), at 
6 p.m.—Mr. D. B. Honeyborne: “Differential Thermal Analysis and 
its Application to the Study of Building Materials’’. 

OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at 
the Royal Society of Tropical Medicine and Hygiene, Manson House, 
26 Portland Place, London, W.1), at 7 p.m.—Mr. W. A. Caldwell 

and Mr. J. Creasy : “‘The Effect of some Physical Properties of Nitro- 
cellulose on Lacquer Performance’’. 

CHEMICAL Society (at Burlington House, Piccadilly, London, W.1), 
at 7.30 p.m.—Prof. J. R. Partington: Nernst Memorial Lecture. 

ROYAL SocikTY OF TROPICAL MEDICINE AND HYGIENE (at the 
Royal Army Medical College, Millbank, London, 8.W.1), at 7.30 p.m. 

—Laboratery Meeting. 
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Friday, March 20 


SOCIETY FOR WATER TREATMENT AND EXAMINATION (at the 
Laboratories, Metropolitan Water Board, New River Head, Rosebery 
Avenue, London, E.C.1), at 10 a.m.—Annual General Meeting ; 
Scientific Papers. 

ROYAL MICROSCOPICAL SOCIETY, INDUSTRIAL SECTION (joint meet- 
ing with the INDUSTRIAL SPECTROSCOPY GROUP of the INSTITUTE OF 
Puysics, the OPTICAL Group of the PHYSICAL SocIgTy and the 
PHYSICAL METHODS GROUP of the SocIETY OF PUBLIC ANALYSTS 
AND OTHER ANALYTICAL CHEMISTS, at King’s College, Strand, London, 
W.C.2), at 2.20 p.m.—Symposium on “‘Developments in Microscopical 
Methods’’. 

INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 5 p.m.—Dr. Samuel Herrick : 
“Dead Reckoning in Space’’. 

INSTITUTION OF MECHANICAL ENGINEERS (joint meeting with the 
APPLIED MECHANIOS GROUP, at Storey’s Gate, St. James’s Park, 
London, 8.W.i), at 5.30 p.m.—Dr. J. H. Lamble and Dr. Salah E. A. 
Bayoumi: “‘A Room Temperature Photoelastic Technique for Three- 
dimensional Problems’’; Mr. J. D. C. Crisp: “The Use of Gelatin 
Models in Structural Analysis’. 

BRITISH INSTITUTE OF RADIOLOGY (in the Reid-Knox Hall, 32 
Welbeck Street, London, W.1), at 6.30 p.m.—Dr. L. F. Lamerton : “A 
Study of the Phases of Radiation Response in the Rat’’. 

ROYAL INSTITHTION (at 21 Albemarle Street, London, W.1), at 
TO eg H. W. Melville, F.R.S.: “The Size and Shape of Big 
Molecules’’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

PRINCIPAL SCIENTIFIC OFFICER AT THE ATOMIC ENERGY RESEARCH 
ESTABLISHMENT, Harwell, to take charge of small group engaged in 
problems of heat transfer, and special problems arising in development 
of nuclear energy for power purposes, involving design of special 
experimental apparatus—The Civil Service  ©ummission, Scientific 
Branch, Trinidad House, Old Burlington Street, London, W.1, quoting 
$.4190/53 (March 19). 

SENIOR SCIENTIFIC OFFICERS (with a first- or second-class honours 
degree in chemical engineering, or in chemistry or engineering with 
postgraduate diploma in chemical engineering, or equivalent qualifica- 
tion) for pilot plant and process development; a SENIOR EXPERI- 
MENTAL OFFICER Of EXPERIMENTAL OFFICER (with a comprehensive 
experience of chemical plant operation and control); and a SENIOR 
EXPERIMENTAL OFFICER to assist in design, construction and opera- 
tion of apparatus to be used in development of methods of handling 
liquid metals, to supervise running of test rigs and to train junior 
staff; in the Chemical Engineering Division of the Atomic Energy 
Research Establishment, Harwell—The Civil Service Commission, 
Scientific Branch, Trinidad House, Old Burlington Street, London, 
W.1, quoting $.4188/53 (March 19). 

EXPERIMENTAL OFFICER to investigate rejection tests for raw farm 
milk (extensive laboratory experience is necessary with, preferably, a 
degree or equivalent qualification in bacteriology or chemistry)—The 
Secretary, National Institute for Research in Dairying, Shinfield, 
Reading, quoting Ref. 53/5 (March 21). 

LECTURER (with good honours degree in chemistry and appropriate 
teaching experience) IN THE 1 EPARTMENT OF CHEMISTRY AND BIOLOGY, 
to teach physical chemistry, with some inorganic chemistry, to final 
degree standard, and a LECTURER (with good honours degree in physics 
and appropriate teaching experience) IN THE DEPARTMENT OF PHYSICS 
AND MATHEMATICS, to teach physics to final degree standard—The 
Principal, Acton Technical College, High Street, Acton, London, W.3 
(March 21). 

SENIOR AGRICULTURAL ECONOMIST IN THE AGRICULTURAL AND 
MARKETING BRANCH of the Department of Agriculture and Lands, 
Southern Rhodesia Government—The Secretary, Rhodesia House, 
429 Strand, London, W.C.2 (March 21). 

STATISTICIAN (part-time) IN THE HEALTH AND WELFARE DEPART- 
MENT—The Medical Officer of Health, Willowbank House, Willow- 
bank Road, Aberdeen (March 21). 

UNIVERSITY ASSISTANTS IN GENETICS, CIVIL ENGINEERING, ANIMAL 
HUSBANDRY AND PREVENTIVE MEDICINE (chemist or biochemist)— 
The Secretary of University Court, The University, Glasgow (March 21). 

ASSISTANT LECTURER IN CHEMISTRY—The Registrar, College of 
Technology, Manchester 1 (March 23). 

ASSISTANTS (with first- or second-class honours degree in electrical 
or mechanical engineering or in physics and, preferably, some research 
experience) on the scientific staff of the B.E.A. Research Laboratories 
at Leatherhead—The Director of Establishments, British Electricity 
Authority, British Electricity House, Winsley Street, London, W.1, 
quoting AE/337 (March 23). : 

EDUCATIONAL PSYCHOLOGIST—The Chief Education Officer, Educa- 
tion Office, Margaret Street, Birmingham 3 (March 23). 

PLANT PATHOLOGIST (Scientific Officer grade) and an ASSISTANT 
EXPERIMENTAL OFFICER—The Secretary, National Vegetable Research 
Station, Wellesbourne, Warwick (March 23). 

PuHyYsICcIsT to assist in the general work of the Physics Department 
—The National Coal Board, Central Research Establishment, Stoke 
Orchard, Cheltenham, quoting T'T/595 (March 25). 

ASSISTANT AGRICULTURAL ECONOMIST (with a degree in economics 
or agriculture with economics)—The Registrar, The University, 
Manchester 13 (March 28). 

CYTOLOGIST TO THE DIVISION OF PLANT INDUSTRY, Canberra—The 
Chief Scientific Liaison Officer, Australian Scientific Liaison Office, 
Africa House, Kingsway, London, W.C.2 (March 28). 

DENTAL RESEARCH FELLOW—The Dean, Guy’s Hospital Medical 
School, London, 8.E.1 (March 28). 

ENGLISH ELECTRIC COMPANY RESEARCH FELLOWSHIP IN AERO- 
caren Secretary of University Court, The University, Glasgow 

March 28). 
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ENTOMOLOGIST (Grade II), an ENTOMOLOGIST (Grade 1), an AGRON- 
OMIST (Grade IT), an AGRONOMIST (Grade I), a PLANT BREEDER 
(Grade II), a PLANT BREEDER (Grade I), and a Som SURVEY OFFICER 
{Grade I) in the Department of Agriculture, Stock and Fisheries, 
Papua and New Guinea—The Official Secretary, Australian High 
Commissioner’s Office, Australia House, Strand, London; W.C.2 
(March 28). 

LECTURER IN BIOCHEMISTRY—The Registrar, The University, 
Sheffield (March 28). 

SENIOR GEOLOGIST (with a degree in science or engineering, and some 
experience in prospecting for mineral resources, preferably in the 
United Kingdom) to act in a general advisory capacity—The National 
Coal Board, Establishments (Personnel), Hobart House, Grosvenor 
Place, London, S.W.1, quoting T'T/302 (March 28). 

ASSISTANT LECTURER IN MATHEMATICAL STATISTICS—The Registrar, 
The University, Manchester 13 (March 31). 

H.M. INSPECTORS (with appropriate professional qualifications and 
teaching, and practical experience d ble in agriculture, mechanical 
engineering, mining, architecture, building or management studies)— 
The Secretary (Inspectors’ Section), Ministry of Education, Curzon 
Street, London, W.1 (March 31). 

JOHN MURRAY TRAVELLING STUDENTSHIP IN OCEANOGRAPHY AND 
LiwnoLocy—tThe Assistant Secretary, Royal Society, Burlington 
House, Piccadilly, London, W.1 (March 31). 

LECTURER (with special interests in soil science or plant nutrition) IN 
AGRICULTURAL CHEMISTRY, and a LE (with special interests 
in some branch of electrochemistry) IN CHEMISTRY—The Secretary 
of University Court, The University, Glasgow (March 31). 

MEDICAL STATISTICIAN to the Nuffield Department of Industrial 
Health—The Professor of Industrial Health, King’s College, Newcastle- 
upon-Tyne (March 31). 

ANIMAL GENETICIST (with a degree in agriculture and at least two 
years postgraduate study of animal genetics) in the Department of 
Agriculture, Nigeria—The Director of Recruitment, Colonial Office, 
Sanctuary Buildings, Great Smith Street, london, 8.W.1, quoting 
CDE.63/14/012. 

ASSISTANT (graduate in medicine, biology, psychology, sociology, 
or any other social science) IN THE DEPARTMENT OF PUBLIC HEALTH 
AND SOcIAL MEDICINE—The Secretary, The University, Edinburgh. 

ASSISTANT CHEMIST (B.Sc., preferably with power station ex- 
perience), ELECTRICAL ENGINEERS, MECHANICAL ENGINEERS (Grades 
I, Il and ITI), and a CIVIL ENGINEER—The Liaison Officer, Electricity 
Corporation of Nigeria, 11 Manchester Square, London, W.1. 

ASSISTANT EXPERIMENTAL OFFICER at the Atomic Energy Research 
Establishment, Harwell, to abstract and subject-index scientific 
literature, and to supply information in response to inquiries—The 
Ministry of Labour and National Service, Technical and Scientific 
Register (K), Almack House, 26 King Street, London, 8.W.1, quoting 
F.49/53A. 

ASSISTANT MANAGER (Pile) at Sellafield, to be responsible for physical 
aspects of atomic pile operation and associated nuclear calculation— 
The Ministry of Supply, Division of Atomic Energy (Production), 
Risley, Warrington, Lancs, quoting 427. 

ASSISTANT METEOROLOGIST for the British Caribbean Meteorological 
Service—The Agents for the Colonies, 4 Millbank, London, 
8.W.1, quoting M.33526.E. 

ASSOCIATE PROFESSOR OF CHEMISTRY (Organic), and an ASSOCIATE 
PROFESSOR OF CHEMISTRY (Physical)}—The Registrar, Memorial 
University of Newfoundland, St. John’s, Newfoundland, Canada. 

BIOCHEMIST—The Group Secretary, Nottingham No. 2 Hospital 
Management Committee, Sherwood Hospital, Hucknall Road, Notting- 


ham. 

CHEMIST/ASSAYER (with an honours degree in chemistry) in Northern 
Rhodesia, to carry out assays and analyses of ores, minerals and rocks 
in the laboratory of the Geological Survey Department—The Director 
of Recruitment, Colonial Office, Great Smith Street, London, 8.W.1, 
quoting 27106/57/52. 

ELECTRICAL ENGINEERS and PHYSICISTS for the SCIENTIFIC OFFICER 
grade (Ref. A.5/53A) and EXPERIMENTAL and ASSISTANT EXPERI- 
MENTAL OFFICER grades (Ref. A.6/53A) for devel t 





aev 


aD P 
work on radio and electronic equipment in the Radar, Physics and 


Engineering Departments of the Telecommunications Research 
Establishment, Malvern—The Ministry of Labour and National 
Service, Technical and Scientific Register (K), 26 King Street, London, 
S.W.1, quoting the appropriate Ref. No. 

ENGINEER to the Ministry of Supply at Christchurch, to take charge 
of section engaged on design and development of electrical equipment 
for Royal Engineers—The Ministry of Labour and National Service, 
Technical and Scientific Register (K), Almack House, 26 King Street, 
London, 8.W.1, quoting D.74/53A. 

ENGINEER to the Ministry of Supply at Woolwich, to organize, 
administer and control small production plant for manufacture of 
electro-mechanical equipment, plastics and woodwork—The Ministry 
of Labour and National Service, Technical and Scientific Register 
(K), Almack House, 26 King’ Street, London, S.W.1, quoting 
€.433/52A. 

ENTOMOLOGIST IN THE COLONIAL INSECTICIDE RESEARCH UNIT 
at the Ministry of Supply Chemical Development Experimental Estab- 
lishment at Porton, Salisbury, to conduct research on entomological 
problems relating to the application of insecticides—The Under- 
Secretary of State, Research Department (8.610), Colonial Office, 
Sanctuary Buildings, Great Smith Street, London, 8.W.1. 

FISHERIES OFFICER (with a degree or diploma in zoology or allied 
subject and some experience of marine biology and fishing craft) in 
Gambia—The Director of Recruitment, Colonial Office, Great Smith 
Street, London, S.W.1, quoting CDE.65/12/01. 

GAME WARDEN (with an honours degree in natural science and 
aptitude for field observation), Federation of Malaya—The Director 
of Recruitment, Colonial Office, Great Smith Street, London, 8.W.1, 
quoting CDE.152/60/01. 

GENETICIST AT THE FISH CULTURE RESEARCH AND TRAINING 
INSTITUTE, Federation of Malaya, to study genetics of pond-reared 
—The Director cf Recruitment, Colonial Office, Sanctuary Buildings, 
Great Smith .Street, London, 8.W.1, quoting CSC.65/60/02. 

GEOLOGISTS (with first- or second-class honours degree in 
geology) in Maiaya, for investigations of mineral resources and de- 
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tailed geological mapping—The Director of Recruitment, " 
Office, Great Smith Street, London, 8.W.1, quoting CDE.105 son 

HEAD OF THE DEPARTMENT OF HOP RESEARCH, and a PLiNg 
BREEDER IN THE DEPARTMENT OF HOP RESEARCH—The Regis(rar 
Wye College, Wye, Ashford, Kent. 7 

HEAD OF THE SPINNING DEPARTMENT—-The Director of Research, 
British Cotton Industry Research Association, Shirley Institute, 
Didsbury, Manchester 20. 

MATHEMATICS LECTURER in the Institute of Education, Bakht er 
Ruda—The Sudan Agent in London, Sudan House, Cleveland Row 
London, 8.W.1, endorsed ‘Mathematics 1017’. 7 

PHYSICAL CHEMIST for work on the oxidation of cellulosic materia, 

a PHYSICIST (with mathematical leanings) to continue experiment 
and theoretical work on fibre assemblies, and PHysicists (10, with 
sound research training) for research work on problems arising out of 
the normal textile operations—The Secretary, British Rayon Research 
Association, Barton Dock Road, Urmston. Manchester. 

PHYSICIST (with first- or second-class honours d or equivalent 
in physics) at the Atomic Energy Research Establ ent, Harwell, 
for X-ray analysis—The Ministry of Labour and National Service 
Technical and Scientific Register (K), 26 ¥-ing Street, London, 8.W.1° 
quoting A.46/53A. ; 

PHYSICIST or ELECTRICAL ENGINEER at a M 
Establishment near Sevenoaks, for development of V.H.F. oscillators 
and amplifiers or design of amplifiers for 5) purposes (circuit 
techniques involving time bases, trigger circuits, etc.\—The Minist 
of Labour and National Service, Technical and Scientific Register (Kh 
Almack House, 26 King Street, London, 8.W.1, quoting A.22/53A. 

PHYSICISTS (1) for operational research in wool textile mills, 
(2) for research on woollen carding and spinning p and design 
of machinery, (3) for work on physical yo es of fibres and fibre 
assemblies, and (4) for weaving research (honours degree men pre- 
ferred for all posts, and essential for No. 4)—The Wool Industries 
Research Association, Torridon, Headingley, Leeds 6. 

PHYSICISTS or CHEMISTS (with honours degree in physics or chem- 
istry, or A.I.Inst.P. or A.R.I.C., or equivalent) for nuclear radiation 
protection duties in the Health Physics and Safety Department at 
Windscale Works, Sellafield—The Ministry of Supply, Division of 
Atomic Bacagy (Feednetion). Risley, Warrington, Lancs, quoting 430. 

PRINCIPAL NTIFIC OFFICER at a of Supply establish- 
ment, Aldermaston, to direct and control the d electronic 
ens and electro-mechanical devices of a nature—T he 
Ministry of Labour and National Service, Technical and Scientific 
ren (K), Almack House, 26 King Street, London, S.W.1, quoting 


PROTOZOOLOGISTS (with first- or second-class honours degree in 
zoology or zoology and botany) for research on the ciliate protozoa 
of ruminants and protozoan-bacterial interrelationships—The Secre- 
tary, Rowett Research Institute, Bucksburn, Aberdeenshire. 

RESEARCH ASSISTANT (with a university degree) to aid and initiate 
researches in the DEPARTMENT OF AERONAUTICAL ENGINEREING—The 
Registrar, The University, Southampton. 

RESEARCH ASSISTANT IN THE DEPARTMENT OF APPLIED CHEMISTRY 
me Secretary, Northampton Polytechnic, St. John Street, London, 


-C.1. 

RESEARCH ASSISTANT (with honours degree in biology with ex- 
perience of or inclination towards mathematical aspects of 
problems) IN THE DEPARTMENT OF TSETSE CONTROL, Gold Coas 
compile and analyse data on tsetse incidence with the p of 
evaluating the necessity for various control methods and of studying 
the biology of tsetse species in order to develop new control me 
The Director of Recruitment, Office, Great Smith Street, 
London, 8.W.1, quoting 27059/311. 

RESEARCH ASSISTANT TO UNIVERSITY BIOCHEMIST, to supervise 
routine clinical work of the Biochemical Laboratories, Addenbrooke's 
Hospital, Cambridge—The Professor of Biochemistry, Department of 
Biochemistry, Tennis Court Road, Cambridge. 

RESEARCH DIRECTOR (university graduate with honours degree in 
physics or textiles, considerable practical experience in the cordage 
or textile industry, and well versed in spinning problems) to establish 
and undertake research in the United Kingdom into the utilization 
of sisal fibre, with special reference to ropes and cordage—The Secre- 
—_ Overseas Sisal Research Committee, 10 Old Jewry, London, 


RESEARCH FELLOWSHIP FOR WORK IN THE APPLIED BIOCHEMISTRY 
DEPARTMENT on the contributions of energy, amino-acids and vita- 
mins by cereals to the nutrition of non-ruminant animals—The 
Secretary, Rowett Research Institute, Bucksburn, Aberd . 

RESEARCH OFFICER (chemist or chemical engineer, with first- or 
second-class honours di or A.R.I.C.) for work concerned initially 
with the processing of fibrous raw materials and recovery or disposal 
of waste products—The Director, British pe and Board Industry 
Research Association, Welcomes Road, Kenley, Surrey. 

SENIORPHYSICIST (with an honours degree in physics, and previous 
hospital one experience)—-The Medical Director, Hogarth Radio- 
therapeutic Centre, General Hospital, Nott: 3 

SHivr MANAGER (with honours d in chemistry or chemical 
ome, A.R.L.C. or A.M.I.Chem.E., or a with manag- 
erial experience in a large chemical factory, and thoroughly conversant 
with modern methods of d with highly corrosive materials, 
inflammable solvents, and toxic hazards, AT THE ATOMIC ENERGY 
Factory at Salwick—The Ministry of Supply, Division of Atomic 
Energy (Production), Risley, Warrington, Lancs, quoting 426. 

STATISTICIANS (with first- or second-class honours degree in 
statistics, or in mathematics, economics or other appropriate main 
subject combined with statistics) IN THE COLONIAL SERVICE—The 
Director of Recruitment, Colonial Office, Great Smith Street, London, 
8.W.1, quoting CDE.59/02. 

UNIVERSITY GRADUATES and QUALIFIED TEACHERS (mainly with 
qualifications in mathematics, science (physics, ch , metallurgy) 
or engineering), for Short Service n the Instructor 
Branch, Royal Navy—The Director (P), Naval Education Service, 
Admiralty, London, 8.W.1. 

ZOOLOGIST (male, university graduate with first- or second-class 
honours) for general and experimental work on plankton— 
The Director, Marine Station, Millport, Isle of Cumbrae. 
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